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Nutrient enrichment, which can be detrimental to the health of aquatic systems, is 
one of the leading causes of impairment of our Nations’ waters.  Development and initial 
calibration of a hydrologic, hydrodynamic, and water quality model of dissolved oxygen
and nutrient concentration for the St. Louis Bay watershed in coastal Mississippi is 
documented herein. The model was developed using the USEPA BASINS 3.0 analysis 
system and WinHSPF, a comprehensive watershed loading and transport modeling
software. The resulting model simulates significant watershed and instream physical, 
chemical and biological processes including rainfall runoff and associated water quality
from a variety of land use categories. Extensive data describing the study area, land use 
practices, hydrology and water quality are presented, analyzed and discussed relative to 
model development and adequacy to support future modeling projects. Integration of this 
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The presence of nutrients in a waterbody is necessary for a healthy aquatic 
system.  However, excessive amounts of nutrients in a waterbody can lead to acceleration 
of system eutrophication, with potential effects including algal blooms, depletion of 
desirable aquatic plant life, and fish kills. In 1998, the National Water Quality Inventory
Report to Congress identified nutrient enrichment as one of the leading causes of water
quality impairment in our Nation’s rivers, lakes, and estuaries (USEPA, 1998). The 
sources of nutrients in surface water vary regionally, with urban runoff, agriculture, 
municipal point sources and atmospheric deposition being the most common contributors 
in addition to natural background levels.    
The Clean Water Act, originally passed by the U.S. Congress in 1972, was 
enacted with the objective to restore and maintain the chemical, physical and biological
integrity of the Nation’s waters and ensure all U.S. waters are “fishable and swimmable”. 
The Clean Water Act (CWA), among other provisions, required the development of water 
quality standards for waters of the U.S., which includes lakes, streams, rivers, wetlands, 
and coastal waters. Water quality standards designate beneficial uses for each waterbody
and establish criteria that must be met within the waterbody to maintain the water quality




     
 
    
 
 
   
  
 
    
  
 




The Clean Water Act requires the development of a total maximum daily load
(TMDL) for waterbodies not meeting water quality standards.  A TMDL is a threshold 
calculation of the amount of a pollutant that a waterbody can receive and still meet water 
quality standards. A TMDL establishes the pollutant loading capacity within a
waterbody and develops an allocation scheme amongst the various contributors, which 
include point sources, nonpoint sources and natural background, as well as a margin of 
safety. As a part of the allocation scheme, a waste load allocation (WLA) is developed to 
determine allowable pollutant loadings from individual point sources and a load 
allocation (LA) establishes allowable pollutant loadings from nonpoint sources and 
natural background levels in a waterbody.      
TMDL development is a site-specific assessment that is often very complex due
to the many physical, chemical, and biological processes that must be considered.  Due to 
the complexity of TMDL development, mathematical models that simulate
hydrodynamics and water quality within a waterbody are often utilized. These models 
are used as analysis and planning tools to predict and evaluate water quality impacts of
point and nonpoint source loading and develop appropriate waste load allocations. In a 
previous project completed by the Mississippi State University Department of Civil 
Engineering (Hashim, 2000), a mathematical model of the St. Louis Bay in coastal 
Mississippi was developed for the purpose of TMDL development for fecal coliform
bacteria within the Bay.  As the TMDL process progressed, additional water quality
parameters, such as nutrients and dissolved oxygen, were identified as being important to 
the health and functionality of the St. Louis Bay.  As a result, it was deemed important to 
 
 





   
 
  







extend the previously developed fecal coliform mathematical model to include nutrients
and dissolved oxygen. 
The extended model is a comprehensive water quality model that will facilitate
further understanding of the dominant physical, chemical and biological processes 
throughout the St. Louis Bay system.  It can be applied to simulate a more expansive set 
of water quality parameters, including dissolved oxygen (DO), nitrogen and phosphorus. 
This model will aid in development of waste load allocation plans, evaluation of
proposed development, and general water quality assessment in an effort to maintain and 
protect water quality within the St. Louis Bay system.  
The previous modeling effort included a watershed, hydrodynamic and water 
quality model of the St. Louis Bay.  The Better Assessment Science Integrating Point and 
Nonpoint Sources (BASINS2.0)- Nonpoint Source Model (NPSM) was applied as the 
watershed model, simulating point and nonpoint source flow and pollutant loadings from 
the watershed, and routing flow and fecal coliform concentrations upstream of the Bay.
The watershed model was loosely coupled to an estuary model that simulated both 
hydrodynamics and fecal coliform concentrations within the St. Louis Bay.  The Bay
model was developed using the Environmental Fluid Dynamics Code (EFDC).  
The objective of the study reported herein is to develop the watershed portion of 
the comprehensive nutrient and dissolved oxygen model for the St. Louis Bay.
Development of the comprehensive model requires selection of the appropriate modeling
software to effectively simulate nutrient interactions within the watershed effectively and 
assure compatibility with the previously developed St. Louis Bay model.  Model 
development also includes identification and calculation of point and nonpoint source 
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nutrient loading, a literature review to determine an initial set of kinetic coefficients and 
other required model inputs, water quality data assessment, and model output analysis 











    
   







DESCRIPTION OF STUDY AREA
The objective of the expanded modeling effort is to compute the fate, transport 
and concentration of dissolved oxygen, nitrogen, and phosphorus in the St. Louis Bay and 
upstream tributaries. Accomplishment of such a task requires integration of several 
models. A watershed model is required to simulate nonpoint source runoff and pollutant 
loadings from the watershed. For this application, the watershed model also simulated 
flow and water quality within the non-tidally influenced river reaches upstream of the St. 
Louis Bay, incorporating both point source and nonpoint source contributions. An 
estuary model will also be developed and ultimately integrated with the watershed model 
to effectively simulate the hydrodynamics and water quality within the St. Louis Bay and 
tidally-influenced portions of the upstream rivers.  Since the focus of this study is to 
develop the watershed model, the study area will include the St. Louis Bay watershed 
land area, as well as the non-tidally influenced rivers upstream of the St. Louis Bay.
Geographical Description
The St. Louis Bay study area is located in the Gulf Coast region of Mississippi. 
The study area, depicted in Figure 2.1, drains approximately 500,000 acres (781 sq. km), 
covering nearly half of the Mississippi Coastal watershed (USGS Cataloging Unit 
03170009). The St. Louis Bay watershed spans portions of five Mississippi counties: 











of two main river systems, the Jourdan and Wolf Rivers, as well as numerous bayous that 
drain into the St. Louis Bay.  The St. Louis Bay is a shallow estuarine system of 
approximately 9900 acres that empties into the Mississippi Sound. 
The Jourdan River is the largest contributor of flow to the St. Louis Bay, with 
average freshwater flows of 865 cfs (24.5 cms). The Jourdan River, draining
approximately 218,000 acres (882 sq. km), enters the western side of the St. Louis Bay.
The Jourdan River system flows mainly through Hancock County in the western portion 
of the study area, with its upper tributaries reaching slightly north into Pearl River 
County. The Jourdan River is formed at the confluence of Hickory and Catahoula Creek, 
and continues to flow southward toward the Bay, receiving additional flow from the 
tributaries of Mill Creek, Bayou Bacon, Bayou La Croix and Rotten Bayou, as well as 




   











St. Louis Bay Study Area
PEARL RIVER St. Louis Bay and Mississippi Sound 
Wolf MS Coastal Watershed Boundary 
River STONE #Y Major Population Centers 






St. Louis #YGulfport 
Biloxi Bay #Y
#Y Long Beach 
#Y#Y Pass Christian Bay Saint Louis 
Figure 2. 1.  St. Louis Bay Study Area 
The Wolf River flows into St. Louis Bay from the east (Figure 2.1).  The Wolf 
River originates in southern Lamar County and travels in a southeast direction through 
the western part of Pearl River County, where it merges with Murder Creek, the only
major tributary of the system.  Upon merging, the Wolf River continues southeast 
through northeastern Hancock county and western Harrison county before shifting
directions and heading southwest toward the Bay.  The Wolf River system drains slightly
more than 243,000 acres (983 sq. km) and enters the Bay with average freshwater flows 
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Figure 2.2 displays the topography within the watershed and locates the 
population centers in the area. The watershed area is characterized by moderate elevation 
changes in the northern section of the study region, and minimal change in elevation in 
the southern portion near and along the coast. The soil throughout the watershed is 
typically sandy loam, with pockets of loam scattered throughout the watershed and along
the banks of the Wolf River, and much of the land near the coast characterized by silty
loam soils. Figure 2.3 displays the soil texture distribution throughout the study area. 
 9 
Topography of 
St. Louis Bay Watershed 
Y# Population  Centers 
RF1 Streams (1:500,000 scale) 
Elevation (feet] 
0 - 50 Poplarville 51 - 100 Y# 101 - 150 
151 - 200 
201 - 250 
251 - 300 
301 - 350 
351 - 425 
Y# Long Beach 




















Estimated Soil Texture 
of St. Louis Bay
Watershed 
Figure 2. 3.  Estimated Soil Texture of the St. Louis Bay Watershed. 
Land Use
The majority of the study area, especially the northern and middle portions of the 
watershed, remains fairly undeveloped. Figure 2.4 depicts the main land uses within the 
watershed and Figure 2.5 displays the land use distribution. Over half of the land area is 
covered in forest. The forestland is predominantly pine forests, with bottomland 
hardwood forests common along the stream banks and near the coast, as well as some 










little risk to surface water quality because forest ecosystems retain nutrients very
efficiently (Binkley, 1986).  However, activities such as forest fertilization may increase 
the risk of nutrient loading to nearby streams.  Currently, very little, if any forest 
fertilization occurs within the study area, but such activity may be planned in the near
future in an effort to increase forest growth and harvest.  

























Figure 2. 5.  Land use distribution in the St. Louis Bay Watershed. 
Another activity that may increase the nutrient loading from forest runoff is the
harvesting of timber. Upland scrub/shrub land , the second most common land use in the 
watershed, is a result of timber harvesting.  Upland scrub/shrub land is a vegetated, non-
wetland area that can neither be described as forest or pasture due to the stage of 
management (MARIS, 2001).  This land use category includes forest areas that have 
recently been harvested and/or replanted, or brush areas consisting of bushes and small
trees. The prevalence of upland scrub throughout the study area is due to the extensive 
forestry industry in the area.  Although studies on the effect of timber harvest on nutrient 
losses have had varied results, clear cutting has been found to cause nitrogen loss from 





       
 
 











including increased rates of decomposition and nutrient release due to warmer and wetter 
forest floor conditions, reduced nitrogen uptake due to less vegetation, and increased 
nitrification (Binkley, 1986).  The increase in erosion due to timber harvesting can also 
increase the nutrient loading from rainfall runoff.
Scattered throughout the forest and scrubland are areas of agricultural land. 
Although cropland comprises less than three percent of the total land area, it remains 
important in this study because cropland management practices can be a significant
source of nutrient loading to nearby waters.  Fertilization at excessive rates or careless 
fertilization of cropland can lead to runoff of nitrogen and phosphorus from the land 
surface or infiltration of nitrogen into groundwater.  The main crop within the study area 
is hay.  Other commonly grown crops include wheat, corn and soybeans (USDA, 2001).   
Pasture and grasslands account for nine percent of the land within the study area. Cattle 
production is the dominant livestock production industry in the area.  Moderate annual 
temperatures allow grazing throughout all seasons. As a result, confinement of cattle 
within the study area is rare (Pace, 2001).  Livestock grazing can pose a risk to water 
quality when the animals have access to the streams. Increased nutrient loading can 
occur from livestock defecation in or near the stream, or by destruction of riparian zones 
along stream banks, which in turn increases erosion.    
Although small population centers are scattered throughout the study area, the 
majority of the urban land use is located in the southern portion of the watershed, along
the perimeter of the Bay.  Communities such as Bay St. Louis, Pass Christian, and Long
Beach are located within the southern portion of the study area, as depicted in Figure 2.2. 
 
 
   
 
 












In addition to the urban centers, much of the land area along the Bay is covered by
wetlands. 
Climate
The St. Louis Bay study area in the Mississippi Coastal Region has a humid, 
subtropical climate characterized by long, hot summers and temperate winters.  The
average annual temperature is 68° F (20° C), with temperatures in the summer often 
exceeding 90° F (32° C) and winter temperatures falling below 25° F (-4° C) only
occasionally (Wax, 2001).  Prevailing southerly winds from the Gulf of Mexico provide 
the area with moisture during summer months, resulting in hot, humid summer
conditions. July and August are typically the hottest months, January the coldest.  High
average air temperatures are a major influence on the temperature of shallow waterbodies 
within the study area. The air temperature, wind and humidity also have an impact on 
evaporation rates from surface water.   
Rainfall within the study area is fairly evenly distributed throughout the year, with 
the wettest month being July and the driest month typically October.  The average annual 
precipitation of the area is approximately 65 inches (165 cm) per year (Wax, 2001).  The 
coastal area is subject to violent weather, including hurricanes and associated severe 
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Demographics
The St. Louis Bay study area is one of the most rapidly growing regions of the 
State, with the greatest development occurring in or near the coastal communities.  In the
last fifty years, transportation, abundant water resources, natural gas, availability of raw 
materials, and plentiful timber resources have provided the base for industrial growth 
within the area (Hashim, 2001).  Development within the watershed has also been 
stimulated due to the introduction of legalized riverboat gambling and associated resort 
facilities, as well as the expansion of military and space installations, including the 
NASA Stennis Space Center.   
The main population centers within the study area include Bay St. Louis, Pass 
Christian, and Long Beach. The larger metropolitan areas of Gulfport and Biloxi are
located along the Gulf coast, directly east of the study area. The city of Bay Saint Louis 
is located along the western portion of St. Louis Bay in Hancock County.  According to 
the 2000 Census, the population of Bay St. Louis is 8,209 (Census Bureau, 2001). 
Industry in the community includes the manufacture of enameled steel construction 
panels, industrial electrical control panels, and plastic products.  Pass Christian lies east 
of the St. Louis Bay in Harrison County. In 2000, the population of Pass Christian was 
6,579 (Census Bureau, 2001).  Industry within the area includes seafood processing, 
canning, tourism, and the manufacture of stainless steel kitchen equipment.  The city of 
Long Beach is located along the Gulf coast, east of the St. Louis Bay and Pass Christian. 
In 2000, the population of Long Beach was 17,320 (Census Bureau, 2001). Long Beach 






   
 
    
 
 
     
 
 
    
  
    
 
16 
neighboring cities of Gulfport and Biloxi.  Other industry within Long Beach includes 
pecan packaging and candy making. 
Water Quality
Excessive nutrient loading in a waterbody can alter the water quality and 
ecosystem integrity through the eutrophication process.  An excessive amount of 
nutrients in the water stimulates the growth of algae.  In addition to being an aesthetic
nuisance, the increased algal population can lead to harmful effects to the aquatic 
ecosystem.  The growth of dense algal “blooms” prevents sunlight from penetrating into 
the water depths, thus affecting the plant life along the bottom. Decaying algae exert
significant oxygen demand, thus, depleting the oxygen levels in the waterbody. As a 
result, fish and shellfish populations, as well as other aquatic species, are stressed due to 
the oxygen depletion and loss of plant life habitat.  Increased nutrients can also lead to
the growth of unfavorable, toxic algal species that can lead to fish kills or toxic
contamination of shellfish. In addition to adverse economic impacts, such effects can 
also diminish the value of a water body as a recreational resource.   
Water quality standards, established by the U.S. Environmental Protection 
Agency (USEPA) and the Mississippi Department of Environmental Quality (MDEQ), 
are in general designed to protect water quality for the designated stream uses. The water
quality standards identify specific beneficial uses for each waterbody and establish water 
quality criteria (usually pollutant concentrations) for a variety of pollutant parameters that
must be met to support the designated uses.  The water quality criteria are then used as a 
basis for developing permit limits for point source discharges.   
 
 
     
 










The dissolved oxygen (DO) water quality criterion to protect aquatic life requires 
that instream dissolved oxygen levels remain greater than 5.0 mg/L, with an 
instantaneous low of 4.0 mg/L.  Although nutrient enrichment has been identified as one 
of the leading causes for waterbody impairment, currently there are no water quality
standards for nitrogen and phosphorus.  The healthy or naturally occurring level of 
nutrients within an aquatic ecosystem varies regionally and seasonally.  Due to the
variation, the USEPA and States are currently in the process of developing nutrient 
criteria that are specific to waterbody types and ecoregions throughout the nation.  Until 
nutrient criteria are formally adopted in Mississippi, the MDEQ relies on “target levels” 
as indicators of potential water quality problems.  The target levels are based on literature
and scientific “rules of thumb” (MDEQ, 2000). Table 2.1 lists the target levels for 
nutrients and oxygen demand in rivers, streams, lakes, and estuaries within Mississippi.   
Table 2. 1.  Water Quality Targets 
WATER QUALITY PARAMETER UNITS TARGET LEVEL  
Biochemical Oxygen Demand (BOD) mg/L < 5 
Total Kjeldahl Nitrogen (TKN) mg/L as N < 1.5 
Nitrate and Nitrite mg/L as N < 1 
Ammonia mg/L as N < 1.3 














































The Mississippi Sound, as well as several inland waterbodies in the St. Louis Bay
watershed, has been identified as being potentially impaired due to nutrients and/or low 
dissolved oxygen (MDEQ, 1999).  Table 2.2 lists these waterbodies, as well as the 
location and cause of potential impairment. The potentially impaired waterbodies listed 
in Table 2.2 have not been adequately monitored to determine if impairment does exist. 
MDEQ is currently conducting extensive monitoring throughout the watershed to 
ascertain the degree of impairment of these evaluated waterbodies.    
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Eutrophication is a naturally occurring process in which the addition of nutrients 
to a waterbody stimulates algal growth.  However, increased nutrient levels from 
anthropogenic sources have caused algal growth to exceed healthy levels in many
waterbodies across the nation, resulting in oxygen depletion and other harmful effects to 
aquatic ecosystems.  The anthropogenic sources of nutrients often include both point 
sources and nonpoint sources. 
Because the St. Louis Bay watershed remains relatively undeveloped, there are 
few point source discharges into the river system.  In the southern portion of the 
watershed near the coast, there are several wastewater treatment facilities with continuous 
discharge into the Jourdan River or bayous surrounding the Bay.  These wastewater 
facilities input nitrogen and phosphorus into the waterbody as well as introducing
additional biochemical oxygen demand (BOD) to the system.  The northern portion of the 
watershed is characterized by smaller communities that rely on less advanced wastewater
treatment such as lagoon systems.  These facilities, depending upon the system design
and performance, typically do not discharge or discharge only occasionally, therefore 
contributing very small amounts of nutrients and BOD into the nearby streams. In
addition to wastewater treatment facilities, there are several industrial point sources that 
discharge pollutants.  In compliance with the Clean Water Act, these point sources are
required to be permitted under the National Pollutant Discharge Elimination System 
(NPDES).  Permits detailing the allowable levels of pollutant discharge are issued by the
MDEQ. 
Nonpoint sources can also contribute to nutrient and oxygen depletion problems 












control. Agriculture is generally identified as one of the largest contributors to nonpoint 
source pollution problems (Howarth et al., 2000). Nitrogen and phosphorus from crop 
fertilization can reach the streams through rainfall runoff or infiltration into the 
groundwater.  Nutrients from animal waste can also reach the waterbodies via rainfall 
runoff from pastures or from direct input through cattle defecation when grazing along
stream banks. 
Urban runoff is another nonpoint source of nutrients (USEPA, 1993).  Fertilizer 
application within urban settings such as private lawns, parks, and golf courses, can cause
high nutrient levels in urban storm water runoff. Another major cause for nonpoint 
source nutrient contributions is the failure of septic systems within the study area.  Due to 
the rural nature of the watershed, many people rely on private septic systems for waste 
treatment. However, the low elevation and soil type throughout the watershed results in 
failure of many septic systems.  Failing septic systems lead to the input of nutrients into 
waterbodies through either direct means or infiltration into the groundwater. 
Atmospheric deposition is another source of nutrients to the St. Louis Bay system. 
It has been found that nitrogen in rain and airborne particles contributes as much as 15 to 
35 percent of the nitrogen in coastal streams flowing into U.S. estuaries (USGS, 2000). 
There are two main forms of atmospheric deposition: wet deposition and dry deposition. 
Wet deposition occurs when nitrate and ammonium are carried onto land and water 
surfaces through snow and rainfall. Dry deposition involves the complex interaction of 
airborne nitrogen compounds with plant, water, soil, rock, or other surfaces (NADP, 
2000). Although some nitrogen in the air comes from natural sources, a large portion 
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accountable for more than 90% of U.S. nitrogen oxide emissions, with the largest sources 
being vehicle emissions, electric utilities, and industrial boilers (NADP, 2000). 
Agricultural sources such as fertilizer application and animal waste (urine and manure)











   
 







When selecting a model, there are several problem-specific factors to be 
considered. One of the key elements of model selection is the type of waterbody to 
which the model will be applied.  Models designed to simulate hydrodynamics in a river
system, for example, will employ hydraulic principles and concepts based on different 
assumptions than a model designed for lakes or estuarine systems.  Another important 
factor is to determine the pollutant parameter(s) of interest and the potential sources to be
included in the modeling effort.  The selected model must have the ability to simulate the
pollutant of interest with the level of complexity appropriate for the application.   
If nonpoint sources are to be included in the modeling effort, the model must have 
the capability to simulate hydrologic and water quality processes over pervious and 
impervious land segments as well as in-stream.  An additional factor in model selection is 
the determination of an appropriate spatial and temporal scale. The size of the waterbody
or watershed to be modeled is also important in choosing a model.  Many models are 
designed for small, site-specific problems, whereas others are designed for large 
watersheds or water systems.  Determining whether to use a steady state model versus a 















considerations are dependent upon circumstances such as the amount and form of 
available data, the complexity of the system to be modeled, the intended use of the
model, as well as many other problem-specific factors. 
In addition to the aforementioned considerations, model selection for this project 
included several basic criteria.  The first of these is that the model must be available in 
the public domain. Secondly, it is beneficial for the model to be supported by the 
governing regulatory agencies, such as the USEPA and the MDEQ.  The third basic 
criterion is that the selected model has adequate technical support available, for both 
model development and application. In addition, hardware and software requirements 
must be amenable to personal computers. 
Overview of Watershed Models
Watershed models are used to simulate nonpoint source runoff and pollutant 
loading from a given land area.  There are many watershed models available today,
varying in scope and the degree of complexity.  Some of the most common nonpoint 
source models have been tailored for specific applications such as urban storm water 
simulation or modeling runoff from agricultural lands, whereas others have been 
developed on a more general scale, to model a variety of landscapes. The intended 
geographical scale is another factor that varies among available watershed models.  The 
geographical area for model application may vary from a parcel of land as small as an 
agricultural plot or field, to an entire watershed or multiple watersheds.  Table 3.1 lists 


















Table 3. 1. Common Watershed Models. 
MODEL NAME ACRONYM SPONSOR 
Storm Water Management Model SWMM USEPA 
Agricultural Nonpoint Source Pollution Model AGNPS USDA 
BASINS Nonpoint Source Model NPSM USEPA 
Hydrological Simulation Program- Fortran HSPF USEPA 
The Storm Water Management Model (SWMM) is one of the most versatile and 
widely applicable watershed models available (Donigian, 1991). This USEPA-sponsored 
tool is a comprehensive mathematical model for simulating the quantity and quality of
urban runoff. Capabilities of SWMM include both single-event and continuous 
simulation of flows, stages, and pollutant concentrations in storm sewers, combined 
sewers, and natural drainage settings (USEPA, 1995). The model provides several 
options for simulating water quality processes, including build-up and wash-off
formulations, rating curves, and regression techniques.  SWMM was originally developed 
in 1971 (Metcalf & Eddy, 1991) and has seen several revisions since then. SWMM has 
been calibrated and verified on many independent, geographically diverse data sets and 
the algorithms employed in the model have been validated through extensive outside 
review and analysis throughout the 30-year model history (Donigian, 1991). Although 
proven to be an effective modeling tool, SWMM was designed for urban applications and 
has not been extensively used to simulate runoff from forest and agricultural land areas. 
Since effectively simulating runoff from these other land areas is especially important 
when modeling nutrients and dissolved oxygen, SWMM was not considered as an 
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The Agricultural Nonpoint Source Pollution Model (AGNPS) was developed by
the U.S. Department of Agriculture, Agricultural Research Service (USDA-ARS) to help 
predict nonpoint source loads from agricultural watersheds and assist in analysis of best 
management practice implementation.  The model is designed to simulate runoff, 
sediment, and nutrients from land areas for single events or continuous periods 
(Donigian, 1991).  The basic components of AGNPS include hydrology, erosion, and 
chemical and sediment transport, which are based on well-established equations and 
techniques commonly used by the USDA National Resource Conservation Service 
(NRCS). The model uses a distributed approach by dividing the watershed area into grid 
cells, with cell size ranging from 2.5 acres to 40 acres.  The model calculations are done 
within each cell and the runoff, sediment, and nutrients are then routed from cell to cell 
from the watershed boundaries to the outlet (Donigian, 1991).  This approach allows the 
user to monitor the flow and water quality at any cell within the watershed.  Due to the
grid structure, the model requires input of watershed characteristics and land practices at 
a cellular level. This allows users to input detailed information on nutrient management 
and other agricultural practices on a small, field-based scale.  Although it is ideal to be 
able to incorporate land practices on an individual field (cell) level, it is very data 
intensive and may not be feasible for larger watersheds.  Additional limitations of
AGNPS include the inability to model nutrient transformations or instream processes. 
Because of the diversity of land use within the study area (agricultural land use accounts 
for less than 15% of the land area) and the lack of detailed data on nutrient management 
practices, the AGNPS model was not a suitable choice for application to the St. Louis 
Bay watershed.   
 
 




   
  




The Nonpoint Source Model (NPSM) is a watershed model that simulates 
nonpoint source runoff from a variety of land uses. The model integrates point and 
nonpoint sources as it performs flow and water quality routing through stream reaches 
and well-mixed reservoirs (Lahlou et al., 1998).  NPSM is a component of a broader 
watershed analysis system called Better Assessment Science Integrating Point and 
Nonpoint Sources (BASINS).  BASINS, which was developed and is supported by the 
USEPA, embodies several related components to assist users in watershed-based 
environmental analysis.  A geographical information system (GIS) provides the 
framework for BASINS, allowing a wide range of information (e.g. land use, stream 
networks, point source discharges, soil data) to be displayed and analyzed. The 
interrelated components of the BASINS system include (1) national databases; (2) 
assessment tools for large and small scale watersheds; (3) tools for organizing and 
evaluating data such as watershed delineation, importing additional datasets, land use 
reclassification, digital elevation model (DEM) reclassification, and lookup tables; (4) 
watershed characterization reporting system; (5) water quality models; and (6) NPSM for
integrated assessment of watershed loading and transport (Lahlou et al., 1998).   
NPSM is a Windows interface that works in conjunction with the USEPA 
supported Hydrologic Simulation Program- Fortran (HSPF) model, a comprehensive 
watershed loading and transport model.  NPSM was effectively utilized to model the
hydrodynamics and fecal coliform loading in the St. Louis Bay system in the previous 
study performed by Mississippi State University (Hashim, 2001).  Although the model 
interface allows simulation of nonpoint source loadings from a variety of land uses, as 
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simulation capabilities are available through NPSM (Lahlou, 1998).  This places 
limitations on the application of NPSM, especially in the modeling of agricultural runoff.   
In June of 2001, the USEPA released a revised version of BASINS. Version 3.0 includes 
a renovation of the system architecture, allowing users more flexibility, and incorporates 
new and improved features such as enhanced delineation tools, additional watershed 
modeling options, a time series data management utility, an improved model 
postprocessor, and updated databases. In addition to the above mentioned features, 
Version 3.0 includes a new Windows interface to the HSPF model called WinHSPF,
which replaced the previous NPSM interface. WinHSPF builds upon the successes of 
NPSM by adding enhanced graphical displays and editing capabilities and fully supports 
all functions of HSPF, version 12 (USEPA, 2001). 
HSPF, version 12, is a complex watershed model, with functions including
watershed hydrology assessment, soil and groundwater contaminant runoff processes 
with instream hydraulic and sediment-chemical interactions, surface water quality
analysis of conventional and toxic organic pollutants, and pollutant decay and 
transformation simulation (Shoemaker, 1997). HSPF has been widely used for non-urban 
watershed modeling, although the program does include simplified runoff modeling
options for urban areas, as well.  The capability of HSPF to effectively model all types of
land uses and pollution sources has resulted in wide application of the model, especially
in large watersheds. HSPF is a continuous simulation program, thus leading to extensive 
data requirements. Application of the model results in continuous-time output of runoff 
rates, sediment loads, and pollutant concentrations, as well as water quality and quantity
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assume the receiving water is well mixed laterally and with depth, thus limiting
application of HSPF to well mixed waterbodies.     
One of the most attractive features of HSPF is its ability to effectively simulate
loading from agricultural lands on a broad scale.  Detailed land surface and soil profile
chemical and biological processes are modeled to determine the fate and transport of 
nutrients and pesticides. Theses routines are performed in the agrichemical module of 
HSPF, which was based on the Agricultural Runoff Management (ARM) Version II
model developed in 1977 (Donigian, et al., 1977). The transfer and reaction processes 
modeled include hydrolysis, oxidation, photolysis, biodegradation, volatilization, and 
sorption. The instream nutrient processes modeled include DO, BOD, nitrogen and 
phosphorus reactions, pH, phytoplankton, zooplankton, and benthic algae (Donigian, 
1991). 
HSPF has a history of successful application.  The model has been validated with 
field data and model experiments.  HSPF has been applied in a multitude of hydrologic
and water quality studies, including pesticide runoff testing, aquatic fate and transport 
model testing, analysis of best management practice implementation on agricultural 
lands, and pesticide exposure assessments in surface waters (Donigian, 1991).  One of the 
most prominent applications of HSPF has been in the Chesapeake Bay system.  HSPF
was used to develop the Chesapeake Bay watershed model to estimate nutrient inputs to 
the Chesapeake Bay and to evaluate the effectiveness of agricultural best management






   
  
   
  








Through analysis of the watershed models discussed above, as well as other 
models, it was determined that the WinHSPF model would be the most suitable option 
for modeling nutrients and dissolved oxygen within the St. Louis Bay watershed. In
addition to calculating nonpoint source loads from the watershed, WinHSPF can simulate 
instream processes, allowing the model to estimate the water quality and quantity
entering the downstream Bay (for input into an estuary model).  The ability of HSPF to 
model nonpoint sources from mixed land uses is necessary when applying a model to a 
large, diverse watershed such as the St. Louis Bay study area.  Because WinHSPF allows 
complete access to the functionality of HSPF, the simulation of nutrient loading from 
agricultural lands will be more representative than if using NPSM. Another positive
aspect of HSPF is the continuous simulation, versus steady-state assumptions that some 
models utilize.  Continuous simulation provides a more realistic outlook on hydrology
and water quality in a system, allowing seasonal variation to be accounted for. This is 
especially important when modeling nutrients and dissolved oxygen because of the 
sensitivity to seasonal fluctuations in temperature and other meteorological inputs.  In
addition to satisfying the above-mentioned criteria, WinHSPF is available in the public 
domain and supported by the USEPA. Technical support for WinHSPF is available 
through the USEPA website and BASINS listserver, as well as documents and web-based 
assistance included with the installation package.    
The issue of compatibility is another reason WinHSPF was selected for this 
modeling effort. Since the objective of this study is to expand the previously developed 
 
 




   
 




St. Louis Bay Fecal Coliform model to include simulation of dissolved oxygen and 
nutrients, compatibility between the two models was very important.  As stated earlier,
the previous model was developed using NPSM within the BASINS2.0 environment. 
Because both NPSM and WinHSPF are interfaces to the HSPF version 12 program, the 
conversion process was relatively simple.   
To convert to the new model, the existing NPSM project files from the previous 
model were migrated to the WinHSPF environment (USEPA, 2001b). To ensure 
compatibility between the two models, a test simulation was run in WinHSPF using the
same conditions previously applied in NPSM.  Flow and fecal coliform concentrations in
the Jourdan River and several tributaries (seven reaches) were simulated for the time 
period of 1/1/1965 to 5/31/1999, with flow and fecal coliform concentration being
reported at the outfall of each reach.  In all cases, the output from the two models
matched. The graph in Figure 3.1, displaying simulated 1991 flow outputs for Catahoula 
Creek from NPSM and WinHSPF, illustrates the match of the data output from the two 
models. 
31 




    
NPSM vs. WinHSPF 














































NONPOINT SOURCE SIMULATION 
Within this study, a model of the St. Louis Bay watershed was developed to help 
assess the water quality within the watershed and to estimate the nutrient load that enters
the St. Louis Bay.  The watershed model that was developed incorporates simulation of 
pollutant runoff from the land surface as well as simulation of instream processes. This
chapter discusses the nonpoint source simulation, as well as some of the background data 
necessary for model development.  
Background Data Summary
The watershed stream network is comprised of the mainstream and tributaries of 
the Wolf and Jourdan Rivers and numerous small bayous.  For modeling and analysis 
purposes, the watershed has been delineated into hydrologically-connected 
subwatersheds. Figure 4.1 displays the delineated St. Louis Bay watershed. The 
delineation of subwatersheds within the Wolf and Jourdan Rivers, Bayou LaCroix, and 
Rotten Bayou stream systems were based on the RF1 (1:500,000 scale) stream network. 
Digital elevation model (DEM) data and the RF3 (1:100,000 scale) stream network were 









Louis Bay were delineated based on the RF3 stream network.  Table 4.1 shows a 
summary of the subwatershed identification number (ID), stream name, and drainage area 
size for each subwatershed.  The stream network data was obtained through the USEPA 
BASINS 3.0 software.   
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St. Louis Bay Watershed 
Subwatersheds 
RF1 Stream Network 
(1:500,000 scale) 
RF3 Stream Network 
(1:100,000 scale) 




























































Table 4. 1. Subwatershed Summary for the St. Louis Bay Study Area 
SUBWATERSHED SUBWATERSHEDID STREAM NAME 
AREA 
(ACRES) 
03170009018 018 Wolf River 97,171 
03170009019 019 Murder Creek 19,756 
03170009020 020 Wolf River 77,991 
03170009026 026 Bayou Bacon 36,982 
03170009027 027 Jourdan River 24,126 
03170009028 028 Jourdan River 1,208 
03170009029 029 Hickory Creek 32,715 
03170009030 030 Catahoula Creek 21,702 
03170009031 031 Mill Creek 18,015 
03170009032 032 Bayou La Croix 27,853 
W6 W6 De Lisle Bayou 4681 
W7 W7 Bayou Portage 5272 
W8 W8 Johnson Bayou 3773 
W9 W9 Bayou Portage 730 
W10 W10 Unnamed Bayou/Bayou Portage 553 
W11 W11 Young Bayou/Bayou Portage 754 
W12 W12 Mallini Bayou 908 
W13 W13 Unnamed Bayou/Bayou Portage 666 
W14 W14 Unnamed Bayou /De Lisle Bayou 1390 
W15 W15 Unnamed Bayou/St. Louis Bay 309 
W16 W16 Unnamed Bayou/St. Louis Bay 1700 
W17 W17 Unnamed Bayou/St. Louis Bay 629 
W18 W18 Unnamed Bayou/St. Louis Bay 1047 
W19 W19 Cutoff  Bayou/St. Louis Bay 3192 
W20 W20 Rotten Bayou 18691 
W21 W21 Bayou La Terre 15462 
W22 W22 Bayou Coco 1499 
W23 W23 Bayou Talla 6096 
W25 W25 Unnamed Bayou/Jourdan River 4075 
W26 W26 Bayou Marone 5781 
W27 W27 Bayou Philip 13423 
W28 W28 Four Dollar Bayou 1256 
W29 W29 Breath Bayou 1466 
W30 W30 Edwards Bayou 1140 
W31 W31 Watts Bayou 1268 
W32 W32 Joes Bayou 907 












Land Use Data 
The land use data used in the model was obtained from the Mississippi 
Automated Resource Information System (MARIS).  The MARIS land use data is based 
on 1993 Landsat Thematic Mapper digital images.  Land use and land cover was divided 
into five main classifications: urban land, forestland, cropland, pasture/grassland, and 
wetlands.  The cropland land use category was then further refined to more accurately
represent varying nutrient management practices.  The characterization of land use within 
each individual subwatershed was performed using the USEPA Region 4 Watershed 
Characterization System (USEPA Region 4, 2001).  The resulting land use distribution 
within each subwatershed can be found in Appendix A. 
Meteorological Data 
To successfully simulate the hydrology within a watershed, it is important to have
comprehensive meteorological data.  Meteorological data is available from climatological 
stations around the nation, and is usually accessible through the World Wide Web. 
Figure 4.2 displays the location of the weather stations within or near the St. Louis Bay
watershed. These stations are further described in Table 4.2. The most critical data 
element provided from these weather stations is precipitation data. However, other 
meteorological data provided by the weather stations, including air temperature, wind 
speed, solar radiation, dew point temperature, cloud cover, and potential 
evapotranspiration, are also specified as inputs to the model. 
Development of a representative computational model requires local 
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Table 4. 2. Meteorological Station Summary







Experiment Forest MS227840 
30 38 N,





















89 33 W Daily
1/1/1948-
Present White Sand
Standard MS228352 30 32 N,89 22 W Daily 1/1/1948-1988 Saucier Exp Forest






MS220519    
MS220521 
30 18 N,
89 20 W 
30 22 N,











89 08 W Daily
6/1/1956-
Present Saucier Exp Forest 
Slidell WSFO LA168539 30 20 N,89 49 W Hourly
4/1/1974-
Present -
Overview of HSPF Structure for Non-point Source Modeling
Within HSPF, there are two main modules used to simulate nonpoint source 
loading to streams: PERLND and IMPLND.  These modules are used to describe 
hydrologic, sediment and water quality processes on the land surface and through 
subsurface pathways (Bicknell et al, 2000).  HSPF is structured in a hierarchical manner, 
with each main module containing many submodules that contain additional subroutines. 
The top down structure of the model allows the continuous simulation of a wide range of 
hydrologic and water quality processes.  The PERLND and IMPLND modules of HSPF
 
 







will be further discussed in this chapter.  For a more detailed analysis, the HSPF User’s
Manual can be referenced (Bicknell et al, 2000).   
PERLND is the module that simulates movement of water and water quality
constituents on pervious land, where water is transported by means of overland flow and 
infiltration. The structure of the PERLND module and associated subroutines is 
displayed in Figure 4.3.  The primary functions within the PERLND module include 
simulation of snow accumulation and melt (SNOW), the water budget (PWATER), 
sediment produced by land surface erosion (SEDMNT), air temperature correction 
(ATEMP), estimation of soil temperature (PSTEMP), estimation of water temperature
and gas production (PWTGAS), and water quality constituents utilizing either a 
simplified (PQUAL) or a more comprehensive (Agrichemical) simulation method.  
 
 















Correct air temperature 
SNOW 
Simulate snow and ice 
MSTLAY 















Estimate soil temperature 
TRACER
 Simulate a 
conservative tracer 
PWTGAS 
Estimate water temperature 
and gas concentrations 
PERLND 
Simulate a pervious 
land segment 
Figure 4. 3.  Structure of HSPF PERLND Module (Bicknell et al., 2000) 
HSPF offers both a simplified and a detailed approach to simulating water quality
constituents. The PQUAL section simulates the outflow of pollutants from pervious land 
segments using simple relationships with water and sediment yield (Bicknell et al., 2000). 
Using PQUAL, the quantity of a water quality constituent in surface outflow can be 
represented by association with sediment removal or as a function of the storage of the 
constituent on the land surface and the water flow (Bicknell et al., 2000). The quantity of 
a water quality constituent in subsurface flow is based on user input concentrations.  Any
constituent can be simulated using the simplified approach of PQUAL.  However, more 
detailed modules are available (SEDMNT, PSTEMP, PWTGAS, and the Agrichemical 
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modules) and are often utilized to simulate parameters such as sediment, heat, dissolved 
oxygen, dissolved carbon dioxide, nutrients, and pesticides.    
The agri-chemical sections of the PERLND module offer a more detailed 
approach to simulating the biological and chemical processes involved with the 
movement of nutrients and pesticides within a land segment.  The various functions of 
the agri-chemical sections (Figure 4.3) include estimating soil transport (MSTLAY), 
simulating pesticide transport (PEST), simulating nitrogen transport (NITR), simulating
phosphorus transport (PHOS), and simulating a conservative tracer (TRACER).  These 
sections were originally developed to represent the processes on agricultural lands. 
However, the agrichemical sections can also be utilized in modeling other lands where
pesticides and plant nutrients are important, such as orchards, parks, golf courses, and 
forests. 
The more detailed approach of the agrichemical modeling routines allows for a
more thorough simulation of the chemical and biochemical processes that typically occur 
within cropland soil. When modeling nutrients, these processes include plant uptake, 
mineralization, nitrification and denitrification, immobilization, sorption and desorption, 
and volatilization. Simulation of these processes is affected by factors such as hydrologic 
conditions, soil type, soil moisture and temperature, as well as the type of agricultural 
practices implemented.  The detailed nutrient simulation requires more data and input 
parameters than the simplified approach to modeling water quality constituents, such as
fertilizer application rates, plant uptake rates, and other parameters and rates used to 












specific agricultural practices and nutrient application rates to be more directly and 
accurately represented in the calculation of runoff loadings.      
The IMPLND module of HSPF simulates hydrodynamic and water quality
processes on impervious land segments with little or no infiltration.  The structure of the 
IMPLND module is displayed in Figure 4.4.  Most of the sections within the IMPLND 
module are very similar to those of the PERLND module, some even sharing functions 
with the PERLND module.  The main difference between the modules is in the level of 
complexity since the IMPLND module does not consider infiltration or subsurface flow 
from land segments.     
IMPLND 
Simulate an impervious 
land segment 
ATEMP 
Correct air temperature 
SNOW 
Simulate snow and ice 
IWATER 
Simulate water budget 





Simulate water temperature 
and dissolved gas concentrations 
IQUAL 
Simulate quality constituents 
using simple relationships with 
solids and/or water yield 
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Because HSPF offers versatility in the methods used to simulate the hydrology
and water quality of nonpoint source runoff within a watershed, a combination of 
methods was applied to this study.  Table 4.3 displays the HSPF sections that were used 
to simulate runoff and water quality for each land use.  To simulate the dissolved oxygen 
in the runoff, PWTGAS and IWTGAS were utilized.  Simulation of nutrients was 
performed using the simplified PQUAL for all land uses except the cropland.  The agri-
chemical sections were utilized to represent the nutrient cycling processes for the four
cropland land use categories: hay cropland, soybean cropland, wheat cropland, and corn 
cropland. The SEDMNT section of the PERLND module that simulates erosion 
processes was also utilized on cropland areas since nutrients are often transferred to 
surface water through adsorption to sediment.        






























































Cropland ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦
Pasture/Grassland ♦ ♦ ♦ ♦ ♦
Forest ♦ ♦ ♦ ♦ ♦
Upland Scrub ♦ ♦ ♦ ♦ ♦
Barren/Other ♦ ♦ ♦ ♦ ♦
Wetlands ♦ ♦ ♦ ♦ ♦
Urban- Pervious ♦ ♦ ♦ ♦ ♦
*Urban- Impervious ♦ ♦ ♦ ♦ ♦




     
  
    







Summary of Hydrologic Nonpoint Simulation
HSPF utilizes routines within the PWATER section to calculate the processes of
the hydrologic cycle from pervious land segments.  Processes such as precipitation, 
interception, evaporation, surface runoff, evapotranspiration, interflow, and ground water 
flow are all included in simulation of the water budget.  The algorithms used to represent 
these processes were derived from the Stanford Watershed Model IV (Crawford and 
Linsley, 1966). The equations applied are nearly identical to those used in models such 
as the current version of LANDS in the PTR Model (Crawford and Donigian, 1973), HSP 
(Hydrocomp, 1976), and the ARM and NPS Models (Donigian and Crawford, 1976; 
Bicknell et al., 2000). The processes represented in hydrologic simulation are not only
important for estimating flow within the stream network, but also have a large effect on 
the transport of pollutants, especially nutrients, by means of overland flow or infiltration. 
Simulation routines within the IWATER section of HSPF are utilized to calculate
the processes of the hydrologic cycle from impervious land segments.  Simulated 
processes include retention, routing, and evaporation of water from the land surface 
(Bicknell et al., 2000). The routing method used to model overland flow from 
impervious land is similar to that used for pervious land segments. 
The previously developed St. Louis Bay hydrologic and fecal coliform model
utilized the NPSM interface to HSPF (Hashim, 2001). The hydrodynamics of the 
watershed were calibrated using historical flow data provided by the United States 
Geological Survey (USGS) at several locations throughout the watershed stream network. 
Calibration was performed at two locations along the Wolf River, near Landon and 






calibrated model parameters for the St. Louis Bay watershed are listed in Table 4.4. 








   
 
 
   








     
 






   
   
 
   
 
 






Table 4. 4. Calibrated Hydrologic Model Parameters (Hashim, 2001) 
PARAMETER
NAME DEFINITION UNITS
RANGE OF VALUES 
ST. LOUIS BAY 
WATERSHEDTYPICAL POSSIBLE
MIN MAX MIN MAX
PWAT-PARM2
FOREST Fraction forest cover None 0.0 0.5 0.0 0.95 0.0 
LZSN Lower zone nominalsoil moisture storage Inches 3.0 8.0 2.0 15.0 14.10 
INFILT Index to infiltration capacity
In/ hr 0.01 0.25 0.001 0.50 0.10 
LSUR Length of overland flow Feet 200 500 100 700 300 
SLSUR Slope of overland flow plane None 0.01 0.15 0.001 0.30 0.035 
KVARY Variable groundwaterrecession
1/ 
inches 0.0 3.0 0.0 5.0 0.50 





PETMAX Temp below whichET is reduced °F 35.0 45.0 32.0 48.0 45.0 
PETMIN Temp below whichET is set to zero °F 30.0 35.0 30.0 40.0 35.0 
INFEXP Exponent in infiltration equation None 2.0 2.0 1.0 3.0 2.0 





None 0.0 0.20 0.0 0.50 0.40 
BASETP Fraction of remainingET from baseflow None 0.0 0.05 0.0 0.20 0.05 
AGWETP Fraction of remainingET from active GW None 0.0 0.05 0.0 0.20 0.20 
PWAT-PARM4
CEPSC Interception storage capacity Inches 0.03 0.20 0.01 0.40 







None 0.15 0.35 0.10 0.50 0.05 
UZSN Upper zone nominalsoil moisture storage Inches 0.1 1.0 0.05 2.0 1.97 
INTFW Interflow inflowparameter None 1.0 3.0 1.0 10.0 10.0 
IRC Interflow recessionparameter None 0.5 0.7 0.3 0.85 0.60 

















Water Temperature and Dissolved Oxygen Simulation
Water temperature and dissolved oxygen concentration of the runoff from 
pervious land segments are simulated using the PSTEMP and PWTGAS sections of 
HSPF.  The PSTEMP section calculates the soil temperature for each of four defined soil
layers: surface, upper zone, lower zone and the groundwater zone. Water flowing
through these zones is assumed to be of equal temperature.  Therefore, the temperature of 
flow on the land surface is assumed to be the same temperature as the surface soil, and 
the temperature of the groundwater is assumed to be the same temperature as that of the 
soil within the groundwater zone.   
The PWTGAS section of HSPF is used to simulate dissolved oxygen levels in 
overland flow, interflow, and groundwater. The surface soil temperature (and water 
temperature) calculated in the PSTEMP section is used in the simulation of the dissolved
oxygen levels in overland flow.  The dissolved oxygen concentration of the surface 
runoff is assumed to be at saturation. The temperature-dependent equation used to 
calculate the dissolved oxygen saturation is  
DO = [14.652 + T (− 0.41022 + T * (0.007991 − 0.000077774 *T ))]* ELEV (4.1) 
where, 
DO = Dissolved oxygen saturation in surface flow, mg/L
T = Surface outflow temperature, °C 
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Because the concentration of dissolved oxygen in the interflow and active 
groundwater cannot be assumed to be at saturation, the temperature-based calculation is 
not appropriate and the model user must specify values.  For the St. Louis Bay study area, 
the concentration of dissolved oxygen in the interflow and active groundwater was 
assumed to be zero (Shindala, 2001). 
The water temperature and dissolved oxygen concentration of the overland flow 
from impervious land segments is calculated in the IWTGAS section of HSPF. The
outflow temperature is estimated using the regression equation  
SOTMP = AWTF + (BWTF* AIRTC) (4.2) 
where, 
SOTMP = impervious surface runoff temperature,°C 
AWTF = Surface water temperature when the air is 0°C, °C 
BWTF = Slope of the water temperature regression equation 
AIRTC = Air temperature,°C. 
The dissolved oxygen concentration of the outflow from impervious land segments is 
also assumed to be at saturation and is calculated as a direct function of temperature and 
elevation using the same equation as used in the PWTGAS section (Equation 4.1).   
Nutrient Simulation
For simulation of nutrient losses from the watershed, a variety of different HSPF
sections were utilized.  Since potential nutrient losses from cropland are considered most 








   
 
    
  





approach utilizing the agri-chemical modules was employed for simulation. These agri-
chemical subroutines were used to model the dynamic processes that affect the storage 
and outflow of nitrogen and phosphorus in fertilized fields.  Nutrient losses from all other 
pervious and impervious land segments were simulated using the simplified approach in 
PQUAL and IQUAL sections, respectively.  These sections employ simplified water 
quality calculation methods that do not require the extensive data required by the agri-
chemical sections. 
Cropland Nutrient Simulation 
To successfully represent the complex nutrient interactions that occur on fertilized
cropland, it is necessary to simulate a number of physical, chemical, and biological 
processes. Three of the agri-chemical sections within HSPF were utilized to accomplish 
such a task: MSTLAY, NITR, and PHOS.  The MSTLAY section estimates moisture
storage in four designated soil layers and simulates the flux of water between these
layers.  The NITR module simulates transport and chemical reactions in the soil layers 
for three forms of nitrogen: nitrate, ammonia, and organic nitrogen. Figure 4.5 displays
the nitrogen reactions simulated in the NITR module of HSPF.  The PHOS section of 
HSPF simulates the behavior of phosphorus in the soil and on the land surface.  Figure 





































    
  
















Figure 4. 6.  Phosphorus reactions simulated in the PHOS module (Bicknell et al., 2000) 
The water and nutrient simulations within the agri-chemical section of HSPF are
based on a soil profile consisting of four layers.  The layers allow for the simulation of  
storage and vertical movement of nutrients in the soil profile. Figure 4.7 depicts the four 
layers: surface zone, upper zone, lower zone, and groundwater.  The depth of each zone 
is specified by the model user. The soil layer depths applied for the St. Louis Bay study























Figure 4. 7 : Soil Profile 
Table 4. 5. Soil Layer Depths for St. Louis Bay Watershed 




Surface 0.5 0.5 
Upper Zone 6 6.5 
Lower Zone 41 47.5 
Groundwater 80 133.5 
The surface zone is a shallow layer of topsoil that is a continuous mixing zone, 
important for estimating the surface runoff and sediment erosion from the land. The 
upper soil zone typically corresponds with the depth of incorporation or tillage of applied 
fertilizer (Donigian, 1976a).  The lower zone is the soil layer where most of the plant 
evaporation occurs. The depth and properties of this layer are crucial in determining the 
















based on the maximum depth of the crop root zone.  For the study area, this depth was set 
at nearly 4 feet, the typical root depth of corn (Schwab et al., 1993).  The groundwater 
zone represents the shallow groundwater depth that actively contributes to baseflow of 
stream channels. The groundwater layer can be considered a shallow mixing depth 
within the surface aquifer that controls the nutrient and other chemical transformations 
and associated contributions to baseflow concentrations (Donigian, 1994). Typical 
values for watershed modeling purposes range from 40 to 120 inches (1 to 3 meters).   
Crop Representation
To more closely model the nutrient processes on cropland within the study area, 
the cropland was split into several categories based on typical crop type. The nutrient 
balances within the soil for each crop type vary due to factors such as typical fertilizer 
application rates, variations in planting and harvesting dates, and typical plant uptake of 
nutrients. The four main crops within the study area are hay, corn, wheat and soybeans. 
The cropland categories were modeled separately so the typical nutrient management 
practices for each crop could be accounted for. 
Data from the 1997 Census of Agriculture was used to determine the major 
cropland categories within the study area (USDA, 2001).  Figure 4.8 displays the 
cropland data for each county within the study area. For simplification purposes, small 
acreage crops within the counties such as vegetable crops have been assumed negligible. 
Although data from 1997 was used throughout model development, use of more current 
data may be incorporated in future model application, if deemed appropriate. 
 
 
     
 
   
 
  








LAMAR per County 
Corn for Grain = 6% (586 acres) 
Soybeans = 5% (489 acres) 
Wheat = 8%  (782 acres) 
Hay = 81%  (7917 acres) 
PEARL RIVER STONE 
Corn for Grain = 3%  (408 acres) Corn for Grain = 11%  (314 acres) 
Soybeans = 19%  (2512 acres) Hay = 89%  (2637 acres) 
Wheat = 7%  (886 acres) 
Hay = 71%  (9361 acres) 
HARRISON 
Corn for Grain = 4% (67 acres) 
Hay = 96% (1539 acres) 
HANCOCK 
Hay = 100%  (4452 acres) 
Data from the USDA 1997 Census of Agriculture.
Small acreage crops have been assumed negligible. 










The Census of Agriculture provides cropland data on a countywide basis.  Since 
the watershed model requires data input on a subwatershed basis, it was necessary to 
estimate subwatershed cropland distribution from the county-based data.  This estimation 
was performed using the U.S. EPA Region 4 Watershed Characterization System (WCS). 
WCS is an ESRI Arcview-based system that was designed to provide watershed data and 
assessment tools for better characterization and understanding of watersheds (USEPA 
Region 4, 2001). The watershed characterization tool within WCS was used to estimate 
the acreage of each main crop in each subwatershed using a land-based averaging
technique (based on cropland distribution per county).  Figure 4.9 displays the 
distribution of cropland and pastureland throughout the study area. Based on results 
from WCS, the subwatershed crop acreage for each crop category is provided in Figures 






















































Hay Acres per Subwatershed 
Assumed Hay Acres
per Subwatershed# # # 
S 
N 
EW Data provided by the USEPA Region 4 Watershed Characterization System. 







Figure 4. 10: Estimated Hay Acres per Subwatershed
 
 
   
     










































Assumed Corn Acres 




Corn Acres per Subwatershed 
Data provided by the USEPA Region 4 Watershed Characterization System. 
Data originated from the USDA 1997 Census of Agriculture. 





    













































# # # Assumed Wheat Acres per Subwatershed 
County Boundaries 
Subwatersheds 
Data provided by the USEPA Region 4 Watershed Characterization System. 
Data originated from the USDA 1997 Census of Agriculture. 




      










































# # # Assumed Soybean Acres per Subwatershed 
County Boundaries 
Subwatersheds 
Data provided by the USEPA Region 4 Watershed Characterization System.
Data originated from the USDA 1997 Census of Agriculture. 
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The tillage practices on cropland within the study area were also considered in the
model development process. Tillage practices can have a great effect on the amount of 
soil erosion and nutrient loss from a field.  In other modeling efforts, cropland has been 
categorized and modeled based on tillage practices.  In the Chesapeake Bay nutrient 
watershed modeling effort, for example, the cropland was divided into two separate 
categories: conventional tillage and conservation tillage (Donigian et al., 1994). 
Conventional tillage is an older and more common form of residue management, 
typically involving intensive plowing or tilling.  Conventional tillage is categorized as 
leaving less than 30% residue cover after planting, leaving the field more vulnerable to 
erosion (CTIC, 1998). In an effort to reduce erosion and nutrient runoff, farmers are 
often encouraged to use conservation tillage practices.  Conservation tillage is a tillage
and planting system that maintains 30% or more crop residue on the soil surface after 
planting.  This system includes no-till, strip-till, or ridge-till practices, where the soil is 
left undisturbed from harvest to planting except for strips up to 1/3 of the row width 
(CTIC, 1998).  
The tillage practices for the counties within the study area are described in Table 
4.6 based on 1997 data from the Conservation Technology Information Center (CTIC, 
2001). Currently, the tillage practices applied throughout the study area are 
predominantly conventional tillage.  Due to the small amount of conservation tillage
acreage in the study area, it was assumed that all cropland was conventional tillage
cropland. Distinction between the two tillage practices may be important in future model 
application if there is a sizable increase in conservation tillage acreage in the study area. 




















cropland land acreage can be further categorized to reflect varied tillage practices in 
model application. 
Table 4. 6.  Tillage Practices Within the Study Area
COUNTY 













Hancock NA NA NA NA NA NA
Harrison 87.6 12.4 100 0 NA NA
Lamar 79.2 20.8 100 0 100 0 
Pearl River 100 0 100 0 69.2 30.8 
Stone 100 0 66.7 33.3 100 0 
One of the most common sources of nutrient loss from cropland is through 
sediment erosion. Nutrients bind to the sediment and are lost from the field as the 
sediment is carried off from water erosion. The amount of water-based erosion from 
cropland is calculated in the SEDMNT section of HSPF.  One of the main parameters
affecting this calculation is the COVER parameter, which represents the fraction of the
land surface that is covered by vegetation or crop residue and thus protected from direct
raindrop impact. 
Cover values were entered into the model on a monthly basis for cropland 
simulation. The monthly cover values for the St. Louis Bay study area were based on the 
cover values used in the Chesapeake Bay Program nutrient modeling effort (Donigian, 
1994) and other HSPF applications (Donigian et al., 1999).  The Chesapeake Bay cover 
values were adjusted for use in the St. Louis Bay study area based on the variation in 











    
 







and soybean crops were assumed to be double cropped, thus the cover values were 
adjusted accordingly.  Table 4.7 lists the monthly cover values used for each cropland 
category, given as the percent of land surface covered by vegetation.     

























Corn 45 0 5 45 70 88 93 93 90 85 55 50 
Wheat 50 50 65 80 90 5 65 85 85 75 5 50 
Soy 50 50 65 80 90 5 65 85 85 75 5 50 
Hay 85 85 88 93 93 93 65 65 73 85 85 85 
Nutrient Input
A key element of the cropland simulation is the nutrient application to the soil. 
For the St. Louis Bay model application, nutrients from fertilizer, manure, and 
atmospheric deposition were included as inputs to cropland. Nutrient application rates 
were calculated based on inputs from commercial fertilizer and manure, as well as dry
atmospheric deposition. Wet atmospheric deposition was included in the model 
application as a function of rainfall.  Nutrient application data was supplied to the model 
on a monthly basis for each cropland land use category. The data used to develop the 
monthly nutrient application rates was gathered from national data sets, information 
supplied by the Mississippi State Extension Service, and discussions with local county
extension agents and producers regarding typical nutrient management practices in the 












   






Fertilizer application accounts for the largest input of nitrogen and phosphorus to 
cropland in the St. Louis Bay watershed.  Because the natural levels of nutrients in the 
soil are often not sufficient to sustain crops, it is common to apply fertilizer to soil to 
supplement the appropriate nutrients.  However, if fertilizer is applied in amounts greater 
than necessary, the excess nutrients can be lost through surface runoff or leaching to the 
interflow or groundwater zones.   
The calculation of nutrient inputs from commercial fertilizer is often difficult due 
to lack of available site-specific data.  In larger-scale water quality studies, data based on 
annual fertilizer sales within a county or state are often used to predict fertilizer 
application. However, since the St. Louis Bay watershed covers portions of five separate 
counties and county fertilizer sales data does not specify if or where the fertilizer is 
applied within the county, this method was deemed inappropriate. Instead, research was 
conducted regarding regional nutrient management and fertilization practices.   
Information was gathered from the Mississippi State Extension Service regarding
suggested and typical fertilizer application rates for the four main crop types, as well as
details regarding typical fertilizers used, timing and method of application. It is 
important to note that the resulting nutrient application rates used as model input were 
based on typical practices used throughout the watershed and may not accurately
represent site-specific practices being implemented.  The estimated annual fertilization 
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Corn 100 10 Oldham, 2001 
Wheat 100 - Local Producer 
Soybeans - 70 Local Producer 
Hay 360 120 MSU Extension 
Fertilizer application rates for corn crops were based on personal communication 
with a soil specialist from the Mississippi State University Extension Service (Oldham, 
2001). Although the Extension Service typically recommends somewhat higher nitrogen 
application rates, it was estimated that most producers only apply approximately 100 lbs-
N/ac/yr.  The typical nitrogen fertilizer used is ammonium nitrate (33-0-0), commonly
applied in the spring during the corn emergence and growth stages (Larson et al., 2001). 
The phosphorus application rates were estimated as 10 lb P/ac/yr (30 lb PO4 /ac/yr), often 
applied as starter fertilizer in the fall. 
Through literature review and discussion with local producers, it was estimated 
that approximately 100 lbs N/ac/yr is applied to wheat cropland (MSU Extension, 
2001d). It was assumed that a quarter of the nitrogen is applied in the fall, simultaneous 
to the fall phosphorus fertilization for soybean crops when double cropping is in effect. 
The remaining nitrogen applications occur in late winter, with an initial topdress when 
dormancy breaks and a final topdress when the first node appears (Larson, 2001). The 
typical fertilizer used for spring application is liquid nitrogen, UAN (30-0-0).   
In the St. Louis Bay study area, it is common to double-crop soybeans and wheat. 




















increasing the amount of ground cover during the fall, winter, and spring. Due to the 
leguminous nature of soybeans, nitrogen fertilizer is usually not required. Application of 
phosphorus in the amount of 70 lb P/ac/yr was assumed based on literature review and 
discussion with a local producer (Blaine, 2001).  This is typically applied in the fall 
during wheat seedbed preparation, often in the form of diammonium phosphate (18-46-
0). 
Hay production is the most prominent crop within the study area. Due to the 
moderate climate, a large number of forage crops can be grown in Mississippi. As a
result, typical hay production crops and practices vary.  For modeling purposes, several 
assumptions regarding hay production within the watershed were made.  It was assumed 
that the summer perennial grasses grown were typically 50% bahiagrass and 50% 
bermudagrass (alicia and coastal varieties), based on discussions with local county
extension agents. Ryegrass was assumed to be the winter forage crop, typically grown 
for cattle grazing.  Fertilizer application rates were based on values recommended by the
Mississippi State University Extension Service (Kimbrough, 2001a).  A fertilizer 
containing both nitrogen and phosphorus such as triple thirteen (13-13-13) is typically
applied at the beginning of each growing season (spring and late fall).  Additional 
nitrogen is then applied throughout the growing season. 
Since nutrient inputs for cropland are entered into the model on a monthly basis, it 
was necessary to convert the annual application rates to monthly rates. Distribution of 
the fertilization application rates was based on typical planting and fertilization timing for
each crop, as discussed above. In addition to predicting the monthly application rates, it 










surface zone (S.Z.) and upper zone (U.Z.).  This was estimated by determining typical 
fertilizer application methods and researching the distribution used in similar agricultural 
watershed models. 
The basic fertilization techniques include surface application and soil 
incorporation. For modeling purposes, it was assumed that fertilizer applied before or 
during the planting process is incorporated into both soil layers, whereas fertilizer applied 
throughout the growing season is only applied to the surface layer as a topdressing. For 
the conventional tillage crops (CNT), it was assumed that 10% of the fertilizer would 
remain in the top 0.5 inch surface layer and the remaining 90% would be incorporated 
into the 6 inch upper zone, based on the assumption that incorporation would produce an 
approximately uniform distribution of fertilizer in the top two layers of soil (Donigian, 
1994).  Table 4.9 and 4.10 display the monthly distribution for fertilizer application rates 

































Table 4. 9. Monthly Fertilizer Application Rates for Conventional Tillage Cropland. 
CNT 













S.Z. U.Z. S.Z. U.Z. S.Z. U.Z. S.Z. U.Z. S.Z. U.Z. S.Z. U.Z.
JAN - - - - - - - - - - - -
FEB - - - - 37.5 - - - - - - -
MAR 50 - - - 37.5 - - - - - - -
APR 50 - - - - - - - - - - -
MAY - - - - - - - - - - - -
JUN - - - - - - - - - - - -
JUL - - - - - - - - - - - -
AUG - - - - - - - - - - - -
SEP - - - - - - - - - - - -
OCT - - - - - - - - - - - -
NOV - - 1 9 2.5 22.5 - - - - 7 63
DEC - - - - - - - - - - - -




[LB-N/AC] PHOSPHORUS [LB-P/AC] 
S.Z. U.Z. S.Z. U.Z.
JAN 0 0 0 0 
FEB 60 0 0 0 
MAR 0 0 0 0 
APR 30 30 30 30 
MAY 0 0 0 0 
JUN 0 0 0 0 
JUL 60 0 0 0 
AUG 0 0 0 0 
SEP 60 0 0 0 
OCT 0 0 0 0 
NOV 30 30 30 30
DEC 60 0 0 0 
All nutrient inputs to the model must be in one of the nutrient forms simulated, 
which include NO3, NH4, organic N, PO4, and organic P.  Upon calculating the monthly
nitrogen and phosphorus application rates to the top two soil layers, it was necessary to 















assumed that 25% of the applied nitrogen was in the form of nitrate, and the remaining
75% was in the form of ammonium. The phosphorus fertilizer was assumed to be in the 
form of phosphate. These assumptions were based on the typical types of fertilizer used 
in the study area. 
Manure 
Another common method for soil enrichment is the application of animal waste, 
often referred to as manure.  Manure provides the soil with nutrients and organic matter. 
Manure is typically collected and land applied when livestock are in a confined setting.
Due to the nature of livestock production within the study area, relatively small quantities 
of manure are produced annually.    
To estimate the amount of manure production and application within the study
area, data from the 1997 Census of Agriculture was used. Figure 4.14 displays the 
livestock populations of the five counties within the watershed. The livestock populations 
within each county were used to estimate the number of animals in each subwatershed. 
The estimation was performed using the U.S. EPA Region 4 WCS tool. Similar to the
process applied to calculate estimates of cropland within each subwatershed, the livestock 
populations in each subwatershed were estimated using a land-based averaging
technique, based on the amount of land in pasture within each subwatershed. The 
estimated animal populations per subwatershed are summarized in Table 4.11 for cattle, 
milk cows, hogs, and sheep.  With exception to Lamar County, the poultry populations 
within the study area were minimal.  Since the large number of broilers and layers in 





study area and poultry production among the other counties is minimal, poultry





















     




Cattle = 8,038 
Milk Cows = 308 
Layers = 14 
Hogs = 114 
Sheep = 254 
Cattle = 7,374 
Milk Cows = 299 
Layers = 144 
Hogs = 405 
Sheep = 87 
Cattle = 3,559 
Milk Cows = 212 
Layers = 20 
Broilers = 16 
Hogs = 53 
Sheep = 74 
Cattle = 24,762 
Milk Cows = 734 
Layers = 994 
Hogs = 64 
Sheep = 397 
Cattle = 33,567 
Milk Cows = 146 
Layers = 47,847 
Broilers = 7,506,002 








Data from the 1997 Census of Agriculture.
Cattle population includes beef cows, heifers, calves, bulls, steers and other cattle besides milk cows. 
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Table 4. 11. Estimated Livestock Populations per Subwatershed 
SUBWATERSHED CATTLE MILK COWS HOGS SHEEP
018 2538 97 53 44 
019 806 25 3 15 
020 3691 87 12 45 
025 26 1 1 0 
026 1404 57 77 17 
027 233 8 7 3 
028 0 0 0 0 
029 1558 62 78 19 
030 1133 38 24 16 
031 1671 56 35 24 
032 48 2 3 1 
W6 34 2 1 1 
W7 64 4 1 1 
W8 34 2 1 1 
W9 1 0 0 0 
W10 3 0 0 0 
W11 4 0 0 0 
W12 6 0 0 0 
W13 4 0 0 0 
W14 11 1 0 0 
W15 0 0 0 0 
W16 12 1 0 0 
W17 0 0 0 0 
W18 28 1 2 0 
W19 142 6 8 2 
W20 329 19 19 6 
W21 437 18 24 5 
W22 55 2 3 1 
W23 206 8 11 2 
W25 171 7 9 2 
W26 35 1 2 0 
W27 120 5 7 1 
W28 15 1 1 0 
W29 22 1 1 0 
W30 38 2 2 0 
W31 9 0 0 0 
W32 4 0 0 0 
W33 0 0 0 0 
 
 
   
 
 





For calculation of manure production, milk cow and hog populations were used. 
The sheep and cattle, which consists of beef cows, heifers, calves, bulls, steer, and all 
other cattle excluding milk cows, were assumed to be grazed throughout the year.  For 
the St. Louis Bay model application, it was assumed that all hogs and milk cows within 
the study area are produced in a confined setting, which is a somewhat conservative
assumption since milk cows are often grazed, as well.  Figures 4.15 and 4.16 display the 











































Milk Cows per Subwatershed 
# # # Milk Cows per Subwatershed 
Data from the 1997 Census of Agriculture.













































Hogs per Subwatershed 
# # # Hogs per Subwatershed 
Data from the 1997 Census of Agriculture.



















Manure production rates were based on excretion estimates from the USDA 
Agricultural Waste Management Field Handbook (USDA, 1992).  Table 4.12 lists the 
waste characterization values used.  The calculated annual nitrogen and phosphorus 
inputs to cropland from manure for each subwatershed are listed in Table 4.13. 


















134 0.42 0.16 
Dairy Cows** 80.0 1411 0.45 0.07 
* Values based on feeder swine (40-220 lb)
** Values based on lactating cows









Table 4. 13. Estimated Annual Nutrient Inputs to Cropland From Manure. 







018 1918 10.9 1.8 
019 1621 9.1 1.4 
020 2983 16.8 2.7 
025 1926 11 1.9 
026 1600 9.1 1.6 
027 635 3.6 0.6 
028 0 0 0 
029 3049 17.4 3.1 
030 2377 13.5 2.3 
031 1961 11.1 1.9 
032 826 4.7 0.9 
W6 308 1.7 0.3 
W7 756 4.3 0.7 
W8 881 5.0 0.8 
W9 0 0 0 
W10 0 0 0 
W11 0 0 0 
W12 0 0 0 
W13 0 0 0 
W14 877 4.9 0.8 
W15 0 0 0 
W16 1177 6.6 1 
W17 0 0 0 
W18 0 0 0 
W19 4690 26.8 4.8 
W20 895 5.1 0.9 
W21 1098 6.3 1.1 
W22 5394 30.9 5.6 
W23 1155 6.6 1.2 
W25 0 0 0 
W26 1102 6.3 1.2 
W27 5554 31.8 5.7 
W28 5538 31.5 5.5 
W29 2461 14.0 2.4 
W30 3408 19.4 3.4 
W31 0 0 0 
W32 0 0 0 














Because manure production within the study area was minimal, it was assumed 
that all manure produced was applied to hay cropland for simplification purposes.  The 
manure application was considered in addition to the fertilization application discussed 
above. Application was assumed to occur monthly based on equal distribution of the 
annual production and was split equally between the top two soil layers.  60% of the 
nitrogen from manure application was assumed to be in the organic form and the 
remaining 40% was assumed to be ammonium.  The phosphorus input was assumed to be 
50% organic phosphorus and 50% orthophosphate.   
Atmospheric Deposition 
The data used to calculate the atmospheric deposition of nitrogen onto cropland 
was obtained through the National Atmospheric Deposition Program/National Trends 
Network (NADP/NTN).  Because no NADP/NTN data collection sites are located within
the study area, it was necessary to apply data from a nearby site.  The data collection site
nearest to the St. Louis Bay study area is Station LA30, located at the USGS/SAES 
Southeast Research Station in Washington Parish, Louisiana.   
Wet Atmospheric Deposition
Wet deposition data, including nitrate (NO3-) and ammonium (NH4+), has been 
collected at the LA30 NADP/NTN site since 1983.  The wet deposition data is 
represented in the form of a concentration (mg/L) in rainfall.  The HSPF simulation 
automatically combines the wet deposition concentrations with the input rainfall data to 
compute a resulting flux of nitrogen input (Bicknell et al., 2000).  Monthly wet 
























monthly average of data from 1983 to 2000.  Organic nitrogen inputs from wet 
atmospheric deposition were estimated based on the observed fractions between organic
nitrogen and total nitrogen in wet deposition.  The wet deposition of organic nitrogen was 
estimated by multiplying the total wet deposition from nitrate and ammonium by 0.25 
(Goolsby et al., 1999). Table 4.14 lists the monthly average wet deposition 
concentrations. 
Table 4. 14. Estimated wet atmospheric deposition concentrations. 
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
NO3 as N,
mg/L 0.60 0.58 0.66 1.01 1.10 1.08 1.34 1.53 0.89 0.76 0.55 0.54 
NH4 +as N, 
mg/L 0.14 0.16 0.23 0.42 0.36 0.25 0.20 0.25 0.22 0.15 0.18 0.15 
Organic N,
mg/L 0.19 0.19 0.22 0.36 0.36 0.33 0.38 0.44 0.28 0.23 0.18 0.17 
Dry Atmospheric Deposition
Since wet deposition data is collected by the NADP/NTN at approximately 200 
locations across the nation and dry deposition is only collected at approximately 60 sites, 
it is often necessary to estimate dryfall rates based on local wet deposition data.  A 
literature review was conducted regarding the conversion rate between wet and dry
deposition. It was found that estimates of dryfall deposition vary from half of wetfall 
values to several times greater than wetfall rates (Tyler, 1988).   
In a recent study performed as part of the Gulf of Mexico Hypoxia Assessment,
the relationship between wet deposition and dry deposition was analyzed (Goolsby,





   
 
   
 
 
       
 
 






found that the average dry nitrate deposition divided by the average wet nitrate deposition 
was 0.70. This ratio was subsequently used to calculate the dry nitrate deposition rates in 
the St. Louis Bay study area. Because the levels of particulate ammonium (NH4+) 
emissions within the study area are either directly or indirectly due to fertilizer and 
manure, and the model nutrient balance includes fertilizer and manure inputs, the dry
deposition of NH4+ is considered an internal transport process and will not be included as
an atmospheric deposition input (Goolsby et al., 1999).  The dry deposition of organic 
nitrogen was neglected.  Phosphorus loadings from atmospheric deposition were assumed 
to be insignificant (Donigian, 1994).  The monthly dry nitrate deposition values were 
calculated based on the average of monthly values from 1983 to 2000. Table 4.15 
displays the monthly loadings.  The data used to calculate the monthly values is included 
in Appendix B.




[lb NO3 as N 
/ac]
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
0.61 0.45 0.62 0.72 0.87 1.0 0.96 0.86 0.36 0.37 0.37 0.35 
Simulated Nutrient Processes
The nutrient processes simulated in the St. Louis Bay watershed model include 
adsorption, desorption, mineralization, immobilization, nitrification, denitrification, and 















PERLND module. As previously mentioned, the nutrient constituents that were modeled 
include nitrate (NO3), ammonium (NH3), organic nitrogen, orthophosphate (PO4), and 
organic phosphate.  Nitrate (NO2) was not separately considered since the transformation 
from NO2 to NO3 is very rapid in most agricultural soils (Donigian et al., 1994).   
Adsorption/Desorption 
The adsorption and desorption of ammonium and phosphate in the soil were 
modeled using first-order kinetics. The first-order kinetics method assumes that the rate 
of adsorption and desorption is based on the amount of the constituent in the soil solution 
and on the soil particles. It utilizes proportionality constant and is independent of the 
concentration (Bicknell et al., 2000).   
For determination of the adsorption and desorption within the soil profile, 
temperature-dependent reaction fluxes are computed for each soil layer. The ammonium 
or phosphate storages within each layer are then updated for each interval of the model 
subroutine. The equations used to represent the adsorption and desorption are provided 
below in equation 4.3 and 4.4, respectively (Bicknell et al., 2000). 
( −35.0)DES = CMSU * KAD*THKAD TMP (4.3) 
( −35.0)DES = CMAD* KDS* THKDS TMP (4.4) 
where, 
DES =  current desorption flux of chemical, mass/area per time interval













KDS = first-order desorption rate parameter, per time interval
THKDS = temperature correction parameter for desorption 
TMP = soil layer temperature, °C 
ADS = current adsorption flux of chemical, mass/area per time interval
CMSU = storage of chemical in solution, mass/area 
KAD = first-order adsorption rate parameter, per time interval 
THKAD = temperature correction parameter for adsorption 
Model inputs for modeling adsorption and desorption include temperature 
coefficients and adsorption/desorption rates. Table 4.16 lists the model input values 
used. Because the available research regarding adsorption/desorption rates for 
ammonium and phosphate is limited, the values used were based on values from other 



































NH4 Adsorption Rate (day-1) 1.00 1.00 0.5 0.0 
NH4 Desorption Rate (day-1) 0.01 0.02 1.02 0.0 
PO4 Adsorption Rate (day-1) 1.0 1.0 0.5 0.0 
PO4 Desorption Rate (day-1) 0.015 0.015 0.05 0.0 
Temperature Correction Factor 1.06 1.06 1.06 1.06 
MINERALIZATION 
Nitrogen Mineralization Rate (day-1) 0.0065 0.0001 0.0001 0.0 
Phosphorus Mineralization Rate   (day-1) 0.001 0.0003 0.0003 0.0 
Temperature Correction Factor 1.07 1.07 1.07 1.07 
IMMOBILIZATION
Phosphorus Immobilization Rate (day-1) 10.0 2.0 0.1 0.0 
Temperature Correction Factor 1.07 1.07 1.07 1.07 
NITRIFICATION/DENITRIFICATION 
First-order Nitrification Rate (day-1) 1.0 0.24 0.1 0.0 
Temperature Correction Factor 1.05 1.05 1.05 1.05 
First-order Denitrification Rate (day-1) 0.0 0.4 0.4 0.3 
Temperature Correction Factor 1.07 1.07 1.07 1.07 
References:  Donigian et al., 1999; Bicknell et al., 2000; Donigian et al., 1994;  Donigian et al., 1977; Stanford and 
Smith, 1972; Misra et al., 1974;  Starr et al., 1974; 
Mineralization 
Mineralization is the conversion of organic nitrogen and phosphorus to inorganic 
forms, such as ammonium (NH4+) and phosphate (HPO4).  This process is important in 
the soil because plants are unable to directly utilize nitrogen and phosphorus in the 
organic form.  Mineralization, which is carried out with assistance from microorganisms, 
is a temperature and moisture dependent process modeled using first-order kinetics. 
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the model, as well as temperature correction factors.  The values used in the St. Louis 
Bay watershed model are listed in Table 4.16.   
Immobilization 
The immobilization process is the reverse of mineralization, in which plant-
available inorganic nitrogen and phosphorus compounds are converted to organic 
compounds in the form of biomass.  This occurs as microorganisms in the soil use the 
inorganic nutrients to assist in decomposing plant residues.  Nitrogen immobilization was 
not modeled in this application because the nitrogen mineralization values input into the 
model were based on net mineralization, therefore accounting for the immobilization 
processes. The immobilization of phosphorus was based on first-order kinetics.  The 
immobilization rates and temperature correction factor used for model application are
listed in Table 4.16. These estimates were based on values used in previous HSPF model 
applications. 
Nitrification/Denitrification 
Nitrification is the conversion process of ammonium nitrogen to nitrate nitrogen, 
which is the form of nitrogen most commonly used by the plants.  In this process, 
ammonium is first oxidized to nitrite and then further oxidized to nitrate, with assistance
from microorganisms.  Denitrification is the reduction of nitrate to nitrogen oxide and 
nitrogen gases (N2) in anoxic conditions.  This occurs when soil does not have sufficient 
air and microorganisms must utilize the oxygen in NO3-. Both nitrification and 
denitrification are modeled using first-order kinetics.  The nitrification and denitrification 









Plant Nutrient Uptake 
Plant uptake was modeled using a yield-based algorithm.  This approach, which is 
a new function in WinHSPF, was designed to be less sensitive to soil nutrient levels and 
fertilizer application rates (Bicknell et al., 2000). Although crop growth is subject to 
sustainable levels of soil moisture and nutrients, the amount of nutrient uptake is not a 
direct function of available nutrients as it is in commonly applied first-order methods.   
Using the yield-based nutrient uptake method in the agri-chemical sections of 
HSPF requires input of an annual nitrogen and phosphorus uptake target for each crop 
type.  These target values were calculated based on typical Mississippi crop yields.  For 
corn, wheat and soybean crops, an average annual yield was calculated using annual yield 
data from 1995 to 2000. The data, obtained from the Mississippi Agricultural Statistics 
Service, reflects annual yields for Mississippi District 90, which includes Hancock, 
Harrison, Pearl River, and Stone counties (MSASS, 2001).  Table 4.17 lists the annual 
crop yields for corn, wheat, and soybeans from 1995 to 2000 and the calculated average 
annual crop yield.  For determination of the average annual hay yield, data from 1990 to 
2000 was available. The data, also obtained through the Mississippi Agricultural 





































Corn 86.5 83.7 82.1 56.5 81.7 50.2 73.5 
Wheat 31.4 41.6 38.8 41.0 38.5 38.9 38.4 
Soybeans 21.2 29.1 24.3 22.0 27.5 14.2 23.0 

























Hay 1.8 2.5 2.7 2.4 2.5 2.3 2.5 2.5 2.2 1.9 1.6 2.3 
Based on the average annual yields listed above, an annual nitrogen and 
phosphorus uptake rate was calculated. An annual uptake rate was calculated by
determining the percent nitrogen and phosphorus composition in the harvested crop and 
multiplying by the typical yield.  Table 4.19 displays the annual nitrogen and phosphorus 
uptake, as well as the values used for calculation based on the Agricultural Waste 
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Corn for Grain or 
Seed 56 73.5 bu/ac 1.61 66.3 0.28 11.5 
Wheat for Grain 60 38.4 bu/ac 2.08 47.9 0.62 14.3 
Soybeans 60 23.0 bu/ac 6.25 86.3 0.64 8.8 
Bahiagrass - 2.3 tons/ac 1.27 0.13 
Bermudagrass - 2.3 tons/ac 1.88 0.19 
Ryegrass - 5 tons/ac 1.67 0.27 
Hay* (total) 2.3 tons/ac 239.5 34.4 
* Hay annual uptake values based on the assumption that the summer hay crop is ½ bahiagrass and ½ 
bermudagrass, and the winter crop is ryegrass.
To appropriately simulate nutrient uptake throughout the year, the annual uptake 
for each crop must be distributed on a monthly basis. The nutrient uptake distribution for 
each crop is based on typical planting dates and the crop growth stages.  For most crops, 
nutrient uptake follows an S-shaped curve, characterized by very low uptake occurring in
the first 30 days of growth, a sharp increase in uptake until the flowering stage, and then
a leveling off of uptake as the crop reaches maturity (USDA, 1992). Figure 4.17, 
provided by the Agricultural Waste Management Field Handbook, displays the typical 
growth and nutrient uptake by corn crops  (USDA, 1992). The monthly distribution of 







































Table 4. 20. Estimated Monthly Nutrient Uptake for Cropland in the Study Area. 
MONTH

















JAN 0 0 2.5 2.5 0 0 11 14 
FEB 0 0 5 5 0 0 2.5 3.5 
MAR 5 3 10 10 0 0 0 0 
APR 35 17 30 30 0 0 2.5 1.5 
MAY 33 45 50 50 0 0 17.5 8.5 
JUN 22 28 0 0 5 5 16.5 22.5 
JUL 5 7 0 0 20 20 11 14 
AUG 0 0 0 0 50 50 2.5 3.5 
SEP 0 0 0 0 20 20 0 0 
OCT 0 0 0 0 5 5 2.5 1.5 
NOV 0 0 0 0 0 0 17.5 8.5
DEC 0 0 2.5 2.5 0 0 16.5 22.5 
References: 
• USDA, 1992 
• MSU Extension 
Service, 2001b 
References:
• Alley et al., 1996 
• MSU Extension 
Service, 2001a 
References: 
• USDA, 1992 
• NDSU Extension 
Service, 1999a. 
• MSU Extension 
Service, 2001c 
References:
• USDA, 1992 
• Kimbrough, 2001b 
In addition to distributing the annual nutrient uptake on a monthly basis, it was 
necessary to partition the uptake between the four soil layers.  The distribution of nutrient 
uptake among the four soil layers was estimated based on the growth stages and typical 
root system depth of each crop.  The distribution for nitrogen and phosphorus uptake was 
assumed equal. The percentage of uptake in the groundwater zone was assumed zero for 
all crop types, since the assumed depth of the groundwater zone is below the deepest root 
depth. Table 4.21 lists the assumed uptake percentage for the surface zone (SZ), upper 






         
     
    
     
    
    
   
    
    
    
    
        
     



















SZ UZ LZ SZ UZ LZ SZ UZ LZ SZ UZ LZ
JAN - - - 5 60 65 - - - 5 25 70 
FEB - - - 5 60 65 - - - 5 25 70 
MAR 5 95 - 5 60 65 - - - - - -
APR 5 45 50 5 60 65 - - - 5 25 70 
MAY 5 30 65 5 60 65 - - - 5 25 70 
JUN 5 60 35 - - - 5 95 - 5 25 70 
JUL 5 60 35 - - - 5 45 50 5 25 70 
AUG - - - - - - 5 30 65 5 25 70 
SEP - - - - - - 5 30 65 - - -
OCT - - - - - - 5 30 65 5 25 70 
NOV - - - - - - - - - 5 25 70
DEC - - - 5 45 50 - - - 5 25 70 
References: 
• NDSU Extension 
Service, 1999b 
• Larson et al., 2001 
• CDP, 2001 
References:
• Alley et al., 1996 
• MSU Extension 
Service, 2001  
• CDP, 2001 
References: 
• NDSU Extension 
Service, 1999a 
• CDP, 2001 
References:
• CDP, 2001 
• Kimbrough, 2001b 
Non-Cropland Nutrient Simulation 
The nonpoint source simulation of nutrient loading and oxygen demand from non-
cropland land areas was conducted using a more simplified approach compared to the 
cropland simulation. The simplified approach, which simulates each water quality
constituent independently based on simple relationships with water and/or sediment, was 
selected for the non-cropland land areas because adequate data was not available for use 
of the more advanced agri-chemical sections of HSPF that model nutrient cycling.  The 
PQUAL and IQUAL sections of HSPF, for pervious land and impervious land, 
respectively, were employed to model the loading from non-cropland land areas for the 














(PO4), organic phosphorus, and biochemical oxygen demand (BOD).  The basic 
algorithms used in the PQUAL and IQUAL sections of HSPF to simulate water quality
constituents are a combination of methods from previous models such as the NPS Model 
(Donigian and Crawford, 1976) and HSP Quality (Hydrocomp, 1977). 
In the PQUAL and IQUAL modules, water quality constituents in the surface 
outflow can be simulated by two methods.  One approach is to simulate the water quality
concentration as a function of sediment removal. The other method simulates the 
concentration of constituents using atmospheric deposition and/or basic accumulation and 
depletion rates together with depletion by washoff (Bicknell et al., 2000).  Because there 
was not enough data available to appropriately simulate sediment removal from the non-
cropland land areas, the water quality simulation from these land areas was conducted 
based on accumulation and removal rates.   
The equations used to simulate washoff of water quality constituents in PQUAL
are detailed in Equation 4.5 and 4.6 (Bicknell et al., 2000). The storage of constituents 
on the land surface is calculated using equation 4.5, based on an accumulation rate and a 
unit removal rate. The removal rate accounts for constituent removal due to processes 
other than washoff, including street cleaning, decay, or wind removal. Because it was 
anticipated that nutrient removal from such events would be very small, and limited data
was available, removal from processes other than washoff was considered negligible.   
SQO = ACQOP + SQOS * (1.0 − REMQOP) (4.5) 
where, 























SQOS = SQO at the start of the interval
REMQOP = unit removal rate of the stored constituent, per day
The washoff of the stored constituents from the land surface is represented by
Equation 4.6 (Bicknell et al., 2000).  The amount of a constituent in runoff is a function 
of the pollutant storage, the surface outflow of water, and the susceptibility of the quality
constituent to washoff.
(−SURO*WSFAC )SOQO = SQO* (1.0 − e ) (4.6) 
where, 
SOQO = washoff of the quality constituent from the land surface, quantity/acre 
per time interval
SQO = storage of available quality constituent on the land surface, quantity/acre  
SURO = surface outflow of water, inch/time interval 
WSFAC = susceptibility of the quality constituent to washoff, per inch
The accumulation rate of water quality constituents on the land surface for each 
land use category was calculated based on literature values from a variety of storm water
quality studies (Harper, 1994; USEPA, 1999; Dissmeyer and Stump, 1978; Maidment, 
1993). The results of storm water quality studies are often provided in terms of event 
mean concentration. For application of such data, it was necessary to convert the 
constituent concentrations to an accumulation rate. This was accomplished by
multiplying the mean concentration by an estimated annual runoff volume. The 



































43,560ft 7.48galARV = * * * * (4.7)3MAR * RC)   
where, 
(
ARV = Annual Runoff Volume, L/ac-yr
MAR = Mean Annual Rainfall, inches 
RC = Runoff Coefficient (land use dependent) 
The runoff coefficient used for each land use category was based on literature values. 
The constituent accumulation rate is estimated from the annual runoff volume and mean 
runoff concentration using 4.8 (Harper, 1994). 
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ACQOP = EMC* ARV * (4.8)
453,592 mg 365d 
where, 
ACQOP = Accumulation Rate of the Constituent, lb/ac-d 
EMC = Mean Runoff Concentration of Constituent, mg/L
ARV = Annual Runoff Volume, L/ac-yr
Atmospheric deposition, both in the wet and dry form, can also be included in the 
calculation of nutrient accumulation. However, since the accumulation rates were based 
on storm water monitoring data from various studies, it was assumed that atmospheric 
deposition input was already accounted for. Additional accumulation rate assumptions 





   
 
  


















The build-up of nutrients on pastureland can be from a variety of sources.  The 
main contributions come from fertilizer application and waste from grazing livestock. 
Other nutrient inputs include atmospheric deposition, degradation of plant material, and 
wildlife defecation. 
The accumulation rates for nutrients, biochemical oxygen demand, and sediment 
on pastureland were based on a study performed in central and south Florida. This study
compared the loading rates from three storm water studies performed on pastureland in
Florida (Harper, 1994).  The mean runoff concentrations and runoff coefficient from the 
three studies, as well as the calculated averages from these three studies, are summarized 
in Table 4.22.  The St. Johns River Basin and Ash Slough studies were based on water 
quality at farm boundaries after transport of the storm water through conveyance systems, 
thus accounting for pollutant uptake and attenuation and sediment deposition during
travel (Harper, 1994). The Orlando Areawide study measured water quality directly from 
the field area. 
Table 4. 22. Mean Runoff Concentrations and Runoff Coefficients (Harper, 1994). 













Areawide Study 2.58 - 0.46 7.0 180 0.251 
St. Johns River
Basin 2.48 0.16 0.27 3.2 8.6 0.413 
Ash Slough 2.37 0.538 0.697 - - 0.400 




   
    
 









For the St. Louis Bay watershed model application, the average values from these 
three studies were used. An average runoff coefficient for pastureland of 0.355 was used 
to calculate the pollutant accumulation rates.  It was assumed that 40% of the total
nitrogen is in the form of nitrate and the remaining 60% in the form of organic nitrogen
(Donigian et al., 1994).  The pollutant accumulation rates used as model input are listed 
in Table 4.23. 


















12.95 5.18 7.77 2.49 1.82 0.66 26.6 492.4 
Forestland
Forests typically retain nutrients in an efficient manner, resulting in small nutrient 
losses (Binkley, 1986).  The main form of nutrient input into forest systems is 
atmospheric deposition. Other nutrient inputs result from nitrogen fixation and 
mineralization. The accumulation rates used for nutrients in forestland were based on 
literature values (USEPA, 1999). Typical nitrogen and phosphorus loading ranges for 





















MINIMUM MAXIMUM MEDIAN MINIMUM MAXIMUM MEDIAN
Forestland 0.979 2.492 1.780 0.089 0.116 0.098 
For the St. Louis Bay watershed model application, the median values of total 
nitrogen and total phosphorus listed in Table 4.23 were used.  The nitrogen accumulation 
was assumed to be in the form of 50% nitrate and 50% organic nitrogen (Bicknell et al., 
1996). The ammonia was assumed to be negligible since rapid nitrification processes are 
likely to occur.  The distribution between orthophosphate and organic phosphate was also 
assumed to be equal (Harper, 1994).  For sediment removal from forestland, an average 
value of 60 lb/ac-yr was used based on natural forest conditions in the Southern Coastal 
Plain, which includes Mississippi, Alabama, Georgia, and Tennessee (Dissmeyer and 
Stump, 1978).  The accumulation and removal of biochemical oxygen demand from 
forestland was assumed negligible.  The accumulation rates used for forestland are 
summarized in Table 4.25. 
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Upland Scrub/Shrub
The accumulation and removal of nutrients from upland scrubland areas is
difficult to assess due to the varied state of growth and management in this land use
category. The land use category consists of timberland that has recently been harvested 
and is in a stage of regrowth.  Increased nutrient and sediment loss due to timber
harvesting has been documented in several past studies, but the extent of recorded loss 
from these studies varies widely.  Timber harvesting was documented by Lee (1980) as 
causing temporary increases in dissolved nitrate concentration in runoff, in some
instances exceeding 20 mg/L.  In an analysis of several studies performed to determine 
the difference in nutrient losses due to harvesting, the results varied drastically, 
depending upon site characteristics such as tree type and harvesting methods (Binkley, 
1986). In one of the studies evaluated, in which mature slash pine were harvested, the 
nitrate loading rate increased by 10%, the ammonium rates decreased by 10%, and the 
organic nitrogen loading decreased by 50%. In another study, in which northern 
hardwoods were harvested, the nitrate loading increased by 300% (changes in ammonium 
and organic nitrogen rates were not addressed).  Because of the wide variability in 
literature values and the varied state of harvesting and regrowth encompassed in the
upland scrub land use category, nutrient accumulation rates equal to those of natural
forestland were employed in the St. Louis Bay watershed model.   
The increase in sediment loss from harvested timberland is better documented 
than that of nutrients. Predicted erosion rates provided by the U.S. Forest Service suggest 
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Coastal Plain (Dissmeyer and Stump, 1978).  Because it is assumed that only a small 
portion of the upland scrubland area is typically being logged, and the remainder is in a 
state of regrowth, the sediment removal rate for model input was decreased to 96 lb/ac-yr. 
Urban Land
The quality of storm water from urban areas has been an extensively researched
topic. Because of the wide range of imperviousness found in urban settings, urban land 
area is typically categorized into several divisions for storm water quality analysis. 
Typical classifications within urban land use may include high-density and low-density
urban categories, or distinction between residential, commercial, industrial, and 
transportation land areas.  Literature values from storm water quality studies are typically
available for all of these categories.   
The MARIS land use data used for the St. Louis Bay study area classifies urban 
land use into three categories; high-density, low density, and transportation. However, 
because such a small portion of the land within the study area is urban, the three 
categories were combined into one urban category, which comprises approximately two 
percent of the watershed. The urban land was assumed to be 50% pervious and 50% 
impervious (Hashim, 2001). 
The accumulation rates used for nutrients, biochemical oxygen demand, and 
sediment for urban land areas were based on median event mean concentrations from 
USEPA Nationwide Urban Runoff Program sites for mixed urban land use areas 
(Maidment, 1993). The mixed land use category, which consists primarily of low- and 

























for the urban land within the St. Louis Bay watershed due to the rural nature of the study
area. Table 4.26 lists the median event mean concentrations from mixed urban land for 
the various water quality constituents being modeled.      
Table 4. 26. Event Mean Concentrations from Mixed Urban Land (Maidment, 1993) 












Mixed Urban 0.558 1.288 0.263 0.056 7.8 67 
For calculation of accumulation rates based on the mean constituent 
concentrations in Table 4.25, the runoff coefficients for pervious and impervious urban 
land were assumed to be 0.2 and 0.9, respectively (Harper, 1994). For calculation of 
model input, the TKN concentrations were assumed to be 100% organic nitrogen based 
on the expectation that ammonia concentrations in the storm water would be rapidly
nitrified. The accumulation rates used as model input for pervious and impervious urban 
areas are detailed in Table 4.27. 



















Urban 1.64 - 3.79 0.16 0.61 22.9 197.1 
Impervious














    
 
   
 








The wetland land use category includes several types of wetlands, including
freshwater marsh, palustrine scrub, and bottomland hardwood forest. The water quality
constituent accumulation rates calculated for wetlands model input were based on 
evaluation of four studies performed on storm water runoff from wetlands in Florida 
(Harper, 1994). The mean runoff concentrations and runoff coefficients from each study
are detailed in Table 4.28. 
Table 4. 28. Mean Runoff Concentrations and Runoff Coefficients from Florida Study. 
























Wetland 1.24 0.13 0.18 1.4 4.6 0.303 
Miami Area Mixed 




Wetland 1.02 - 0.16 - - 0.207*
Overall Mean 
Value - 1.60 0.130 0.190 4.63 10.2 0.225 
* Runoff coefficent was not provided in results of individual study and therefore is a calculated estimate. 
The overall mean wetland runoff concentrations obtained from the Florida studies 
were used to calculate accumulation rates for the wetlands within the St. Louis Bay study
area. A runoff coefficient of 0.225 was used to convert the concentrations to loading
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calculated accumulation rates used as model input for wetlands are provided in Table 
4.29.  The concentration of total nitrogen was assumed to be 50% nitrate and 50% 
organic nitrogen, based on typical distribution values in surface water (Tchobanoglous 
and Schroeder, 1985). 






























MODEL DEVELOPMENT:  INSTREAM SIMULATION
In addition to computing the quantity and quality of runoff from land segments 
within a watershed, HSPF also simulates instream processes.  Flow and water quality
constituents from upstream reaches, nonpoint source contributions, point sources, 
precipitation, and other atmospheric sources are combined to represent the hydraulics and 
water quality within a stream reach.  Physical, chemical, and biological processes within 
a stream reach are simulated in the RCHRES module of HSPF.   
Instream simulation in the RCHRES model is based on the assumption of a
completely mixed system with unidirectional flow (Bicknell et al., 2000). The input of 
water and water quality constituents to a stream reach includes contributions from 
upstream reaches, point sources, and nonpoint sources. Additional fluxes such as 
precipitation, evaporation, and atmospheric deposition are also considered. The 
RCHRES module is composed of individual sub-modules, each performing a designated 
function, which can be activated or deactivated by the model user. Figure 5.1 displays
















Simulate hydraulic behavior 
ADCALC 
Prepare to simulate advection 
of entrained constituents 
HTRCH 
Simulate heat exchange 
and water temperature 
CONS 
Simulate behavior of 
conservative constituents 
SEDTRN 
Simulate behavior of 
inorganic sediment 
GQUAL 
Simulate behavior of a 
generalized quality constituent 
RQUAL 
Simulate behavior of 
constituents involved in 
biochemical transformations 
RCHRES 
Perform computations for a 
reach or mixed reservoir 
Figure 5. 1.  Structure of RCHRES Module of HSPF (Bicknell et al., 2000). 
The primary functions of the RCHRES module include simulation of hydraulic 
behavior (HYDR), calculation of volume and flow dependent values for advection-
related parameters (ADCALC), simulation of conservative constituents (CONS),
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sediment behavior (SEDTRN), simulation of generalized water quality constituent 
behavior (GQUAL), and simulation of the behavior involved in biochemical 
transformations in a stream (RQUAL).  All of the above mentioned sections were 
employed in this modeling effort, with exception to the CONS section. 
Point Sources
A point source is defined as a direct discharge of pollutant(s) to a waterbody, 
typically through a discreet conveyance such as a pipe or drainage ditch. Facilities that 
discharge pollutants are required to be permitted under the National Pollutant Discharge 
Elimination System (NPDES).  Due to the relatively undeveloped nature of the St. Louis 
Bay watershed, the number of permitted point source discharges into the river systems is 
limited.  The effluent from these permitted discharges was included in the St. Louis Bay
watershed modeling effort.  In addition to these traditional point sources, pollutants from 
failing septic systems and cattle grazing in streams were also considered as point sources 
for this application. 
Pollutants from point sources are included in the model as direct inputs to the 
stream reach. The pollutant constituents from point sources that were modeled include
ammonia (NH4), nitrate (NO3), organic nitrogen, orthophosphate (PO4), organic 
phosphate, biochemical oxygen demand (BOD), and fecal coliform.  The fecal coliform 















NPDES-Permitted Point Sources 
The NPDES permitted facilities within the study area that discharge on a regular
basis were included in the modeling effort.  A list of facilities was compiled based on 
information from the MDEQ and from the USEPA Envirofacts Warehouse (USEPA, 
2001a). The USEPA Envirofacts Warehouse is a database available through the World 
Wide Web that offers access to the Permit Compliance System (PCS) Database.  The 
PCS database houses information on NPDES permitted facilities, often including
information such as locational data, permit effluent limitations, and historical monitoring
data relating to the quantity and quality of discharged effluent.  A summary of the
NPDES permitted point sources within the study area that were included in the model is 
provided in Table 5.1. 
The pollutant loading rates for permitted point sources were calculated based on 
effluent monitoring data and best professional judgement estimates.  When data was 
available, loading rates were based on monthly averages of pollutants in the effluent from 
each facility, based on data from the USEPA Envirofacts Warehouse.  Where data was 
unavailable, pollutant loading rates were estimated based on the type of treatment 
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Georgetown Inn MS0031330 AlligatorCreek O20 Pearl River 0.011 
TESI/Jourdan
River Shores MS0022870 Jourdan River O25 Hancock 0.05 
Hancock North 
Central School MS0031038 Orphan Creek O26 Hancock 0.04 
Long Beach
Industrial Park MS0022373 
Johnson
Bayou (??) W7 Harrison 0.6 
HC/Long Beach
POTW MS0043141 Bayou Portage W9 Harrison 7.0 
EI DuPont De 




MS0046078 Jourdan River W19 Hancock 2.5 
Pecan Grove 




MS0057070 Jourdan River W20 Hancock 0.014 
Roberts Seafood 
Restaurant MS0056022 Rotten Bayou W20 Hancock 0.003 
Pecan Park Trailer 
Park MS0039471 Bayou LaTerre W21 Hancock 0.005 
Office Bldg & 
Dollar General 
Store 
MS0055794 Trib of BayouTalla W23 Hancock 0.0005 
Kiln Post Office MS0053163 Bayou Talla W23 Hancock 0.001 
Stennis Air
Industrial Park MS0031020 Bayou Marone W26 Hancock 0.08 
J & E Stores Inc MS0057053 Jourdan River W26 Hancock 0.001 
Waffles
Incorporated MS0046507 Jourdan River W28 Hancock 0.005 
SRWMD / 
Waveland POTW MS0027847 
Edwards
Bayou W30 Hancock 4.9 
Williams Express 
Inc MS0055981 
Trib into St. 
Louis Bay W32 Hancock 0.025 
Blue Lake














Failing Septic Systems 
The calculation of pollutant loading from failing septic systems in the study area
was based on several assumptions. The failure rate of septic systems in the watershed 
was assumed to be 50%, which was based on personal communication with personnel 
from the Mississippi Department of Health regarding prior studies performed in southern 
Mississippi (MSDH, 1999; Hashim, 2001).  The estimated number of septic tanks and 
septic tank users in each subwatershed was based on data from the 1990 Census and the 
assumption that three people are served per septic system (Hashim, 2001).  The 1990 
Census data, which was provided on a county census block level, was normalized by
subwatershed area to obtain subwatershed estimates. An average daily household 
discharge of 70 gallons wastewater per person was also assumed (Horsley & Whitten, 
1996; Hashim, 2001). 
To calculate the pollutant loading rates for the water quality constituents of
concern, typical wastewater concentrations were used.  These typical wastewater 
characteristics, provided by Metcalf & Eddy (1979), are listed in Table 5.2 along with the 
estimated concentrations used in calculating the pollutant loading rates from failing septic
systems for the St. Louis Bay watershed model.  The concentration of organic nitrogen in 
septage was assumed to be the difference between the TKN and ammonia concentration. 
The phosphorus concentration was assumed to be distributed as 62.5% orthophosphate 
and 37.5% organic phosphorus, based on the distribution in typical domestic wastewater 















rates by multiplying by the assumed septic flow.  Loading rates for failing septics were
assumed to be constant throughout the year.  Table 5.3 lists the calculated loading rates 
from failing septic systems in the watershed.    









BOD5 (5-day, 20°C) 110 - 400 200 
Organic Nitrogen 8 - 35 15 
Ammonia (NH3 as N) 12 - 50 25 


























018 0.775 53 32 11 6 421 
019 0.140 10 6 2 1 76 
020 1.171 80 48 16 10 636 
025 0.032 2 1 0 0 17 
026 0.185 13 8 3 2 100 
027 0.047 3 2 1 0 25 
028 0.002 0 0 0 0 1 
029 0.140 9 6 2 1 76 
030 0.131 9 5 2 1 71 
031 0.183 12 7 2 1 99 
032 0.056 4 2 1 0 31 
W6 0.090 6 4 1 1 49 
W7 0.258 18 11 4 2 140 
W8 0.167 11 7 2 1 91 
W9 0.017 11 1 0 0 9 
W11 0.048 3 2 1 0 26 
W12 0.048 3 2 1 0 26 
W13 0.016 1 1 0 0 9 
W14 0.013 1 1 0 0 7 
W15 0.007 0 0 0 0 4 
W16 0.016 1 1 0 0 9 
W17 0.010 1 0 0 0 5 
W18 0.010 1 0 0 0 5 
W19 0.010 1 0 0 0 5 
W20 0.010 1 0 0 0 5 
W21 0.161 11 7 2 1 91 
W22 0.161 11 7 2 1 88 
W23 0.005 0 0 0 0 3 
W25 0.007 0 0 0 0 4 
W26 0.01 1 0 0 0 5 
W27 0.052 4 2 1 0 28 
W28 0.153 10 6 2 1 83 
W29 0.226 15 9 3 2 123 
W30 0.055 4 2 1 0 30 
W31 0.055 4 2 1 0 30 






     
 
   
    
 
 






Direct Contribution from Cattle in Stream
The direct contribution of animal waste to streams within the study area was 
considered as a point source in the watershed model. Grazing cattle often have direct
access to streams and are attracted to the open water source for purposes of drinking and 
cooling. Based on the tendency of cattle to linger in or near streams, it was assumed that
four percent of the waste from grazing cattle is directly input into streams.  This 
assumption is consistent with the previous St. Louis Bay Fecal Coliform model (Hashim,
2001) and was based upon cattle behavior studies and other similar water quality
modeling efforts. 
The loading rates for the modeled pollutants were based upon typical beef cattle 
waste characteristics (USDA, 1992).  Table 5.4 contains the characterization values of 
typical waste from a beef cow.  The waste flow from the cattle in stream was calculated 
based on the waste output from four percent of the estimated cattle population per 
subwatershed.  Figure 5.2 depicts the estimated grazing cattle population per 
subwatershed. 
Table 5. 4. Typical Beef Waste Characteristics (USDA, 1992). 
COMPONENT UNITS* TYPICAL VALUE 
Volume ft3/d/1000# 63.0 
BOD5 lb/d/1000# 1.20 
Nitrogen (as N) lb/d/1000# 0.33 
Phosphorus (as P) lb/d/1000# 0.12 




    










































# # # Cattle per Subwatershed 
Data from the 1997 Census of Agriculture.
Cattle population includes beef cows, calves, bulls, steers and other cattle besides milk cows. 








Several assumptions were made in determination of the form of nitrogen and 
phosphorus discharged from cattle.  As was the case with manure production 
calculations, it was assumed that the nitrogen content was 40% ammonia and 60% 
organic nitrogen.  The phosphorus loading was assumed to be an equal distribution: 50% 
orthophosphate and 50% organic phosphorus.  The resulting estimated loading rates from 

























018 2.38E-03 13.65 20.47 6.20 6.20 124.07 
019 6.46E-04 3.71 5.57 1.69 1.69 33.75 
020 2.92E-03 16.77 25.15 7.62 7.62 152.41 
025 5.54E-05 0.32 0.48 0.14 0.14 2.89 
026 6.39E-04 3.67 5.51 1.67 1.67 33.37 
027 5.21E-04 2.99 4.49 1.36 1.36 27.20 
028 2.19E-05 0.13 0.19 0.06 0.06 1.14 
029 6.54E-04 3.76 5.64 1.71 1.71 34.17 
030 5.57E-04 3.20 4.80 1.45 1.45 29.07 
031 4.64E-04 2.67 4.00 1.21 1.21 24.24 
032 4.78E-04 2.75 4.12 1.25 1.25 24.96 
W6 3.28E-05 0.19 0.28 0.09 0.09 1.71 
W7 3.72E-05 0.21 0.32 0.10 0.10 1.94 
W8 2.70E-05 0.15 0.23 0.07 0.07 1.41 
W9 5.83E-06 0.03 0.05 0.02 0.02 0.30 
W10 4.37E-06 0.03 0.04 0.01 0.01 0.23 
W11 5.83E-06 0.03 0.05 0.02 0.02 0.30 
W12 2.19E-06 0.01 0.02 0.01 0.01 0.11 
W13 2.19E-06 0.01 0.02 0.01 0.01 0.11 
W14 5.83E-06 0.03 0.05 0.02 0.02 0.30 
W15 1.46E-06 0.01 0.01 0.00 0.00 0.08 
W16 1.02E-05 0.06 0.09 0.03 0.03 0.53 
W17 3.64E-06 0.02 0.03 0.01 0.01 0.19 
W18 1.24E-05 0.07 0.11 0.03 0.03 0.65 
W19 5.76E-05 0.33 0.50 0.15 0.15 3.01 
W20 2.43E-04 1.39 2.09 0.63 0.63 12.67 
W21 2.78E-04 1.60 2.40 0.73 0.73 14.53 
W22 2.62E-05 0.15 0.23 0.07 0.07 1.37 
W23 1.06E-04 0.61 0.92 0.28 0.28 5.55 
W25 7.07E-05 0.41 0.61 0.18 0.18 3.69 
W26 1.01E-04 0.58 0.87 0.26 0.26 5.25 
W27 2.34E-04 1.34 2.02 0.61 0.61 12.21 
W28 2.19E-05 0.13 0.19 0.06 0.06 1.14 
W29 2.62E-05 0.15 0.23 0.07 0.07 1.37 
W30 2.04E-05 0.12 0.18 0.05 0.05 1.07 
W31 2.26E-05 0.13 0.19 0.06 0.06 1.18 
W32 1.60E-05 0.09 0.14 0.04 0.04 0.84 
















The hydraulic stream reach simulation within HSPF is based upon the principles 
of continuity. The hydraulic simulation is performed by the HYDR subsection of the 
RCHRES module, which employs a “storage routing” technique (Bicknell et al., 2000). 
Water inputs to a reach include flow from upstream reaches, runoff from pervious and 
impervious land segments, point sources, and precipitation.  The outflow of water from a 
reach can be in the form of geometry dependent outflows and evaporation. The geometry
and other properties of a stream reach are defined by the model user in the form of a 
functional table (F Table).  The F Table contains data for stream depth, surface area, 
volume, and flow rate relative to specific water surface elevations.  The assumption of a 
completely mixed system results in transport being based entirely on advective processes. 
Instream Sediment Simulation
Inorganic sediment transport, deposition, and scour were simulated within the 
stream reaches. The simulation of sediment was necessary to model the transport of 
adsorbed nutrients and to more accurately reflect the amount of light available to aquatic 
organisms.  However, because limited data was available relating to sediment properties 
and characteristics, the level of confidence surrounding aspects of the sedimentation 
simulation is not as high as desired, and therefore this model application should not be 
used for detailed analysis of sedimentation within the study area. 
The transport of cohesive sediments was modeled using advective processes 


















cohesive sediment were not considered and the cohesive sediment was modeled as 
washload, behaving as a conservative constituent (Bicknell et al., 2000). The transport, 
deposition, and scour of sand were simulated based on the calculated carrying capacity of 
the stream reach. The potential sandload of the stream reach was calculated using
Equation 5.1.  The sand transport capacity was calculated using the Tofalleti equation 
(Bicknell et al., 2000).   
PSAND = 





PSAND = potential sandload, mg/L
GSI = sand transport capacity, tons/day/ft of width 
TWIDE = width of stream reach, ft 
10.5 = conversion factor 
ROM = total rate of outflow of water from the reach, m3/sec 
The initial conditions of suspended sediment and bed sediment were calculated 
based on stream data from the USGS water quality monitoring station on the Wolf River
near Landon (Station 02481510).  The suspended sediment was assumed to be 68% 
cohesive and 32% sand. The initial sediment distribution in the streambed was assumed 
to be 99% sand and 1% cohesive sediment. The porosity of the streambed for each 
subwatershed, which ranged from 0.46 – 0.59, was based on data from the USGS State 
















Instream Dissolved Oxygen Simulation
The processes that determine dissolved oxygen levels in a stream were simulated 
in the OXRX section of the RCHRES module. These processes include longitudinal 
advection of DO and BOD, sinking of BOD material, benthal oxygen demand, benthal 
release of BOD material, reaeration, and oxygen depletion due to the decay of BOD 
materials (Bicknell et al., 2000).  The dissolved oxygen balance was also adjusted to 
account for other processes such as nitrification and denitrification and the photosynthetic 
and respiratory activity of phytoplankton. 
The dissolved oxygen content of a waterbody can be represented using a general 
mass balance concept. Figure 5.3 displays the sources and sinks of oxygen from a 
waterbody.  The main inputs of oxygen to a system include DO from incoming tributaries 
or sources, and reaeration from the atmosphere. Another oxygen input, photosynthetic 
oxygen production from plant life within the waterbody, was neglected in HSPF
(Bicknell et al., 2000). The main losses of dissolved oxygen within a system include the 
DO in the outflow, oxidation of carbonaceous material in the decay of BOD, nitrification, 
and oxygen demand from benthal communities in the sediment.  The growth and 
respiration processes of phytoplankton and benthic organisms can act as both a source 











































Figure 5. 3.  Flow Diagram of Dissolved Oxygen Sources and Sinks. 
  Background Dissolved Oxygen and BOD Concentrations 
The background concentration of dissolved oxygen in the streams within the St. 
Louis Bay study area was estimated based on water quality data from the USGS water
quality monitoring station on the Wolf River near Landon (Station 02481510). Data from 
this water quality monitoring station was used to represent background levels because of 
the undeveloped nature of the surrounding area. Since model simulation began in 
January, a mean concentration was calculated from monitoring data collected in the
month of January from 1978 to 1986.  An average dissolved oxygen concentration of 


















Data reflecting the BOD concentration in the water column was not available at
the above mentioned water quality monitoring station. Instead, data from the USGS 
water quality monitoring station on Cypress Creek (Station 02479155), which is located 
northeast of the study area, was used.  This sampling station is also located in a fairly
undeveloped landscape. Because the BOD data was limited, an annual average was used, 
versus an average of January conditions as was used for dissolved oxygen.  An average 
value of 1 mg/L BOD was calculated and used in the model as the background BOD 
concentration. 
Atmospheric Reaeration
Atmospheric reaeration, one of the sources of oxygen to a stream reach, was 
determined using the Tsivoglou-Wallace energy dissipation method to calculate a 
reaeration coefficient. The general equation for reaeration is provided in Equation 5.2 
(Bicknell et al., 2000).   
DOX = DOXS + KOREA * (SATDO − DOX) (5.2) 
where, 
DOX = dissolved oxygen concentration after reaeration, mg/L
KOREA = reaeration coefficient
SATDO = oxygen saturation level for given water  temperature, mg/L



















The calculation of the reaeration coefficient using the energy dissipation method is 
detailed in Equation 5.3 (Bicknell et al., 2000).   
 DELTHE  (TW −20)KOREA = REAKT *  * (TCGINV )* DELTS (5.3)
 FLOTIM 
where, 
REAKT = escape coefficient, per ft
DELTHE = drop in energy line along length of stream reach, ft 
FLOTIM = time of flow through RCHRES, sec
TCGINV = temperature correction coefficient for gas invasion rate
DELTS = conversion factor 
Benthal Oxygen Demand 
The oxygen demand from benthal muds at the bottom of streams is one of the 
oxygen sinks within a system.  The simulation of benthal oxygen demand is a 
temperature dependent calculation based on a user input value for benthal oxygen 
demand at 20 degrees Celsius (BENOD).  For the St. Louis Bay watershed, a BENOD 
value of 62.5 mg O2/m2-hr was used. This value was based on sediment oxygen demand 
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BOD Decay 
Another demand on oxygen within a waterbody comes from the decay of 
carbonaceous BOD material.  Microorganisms utilize oxygen as they break down 
complex materials to simpler, more stable products.  The BOD process was modeled 
using first-order kinetics represented by Equation 5.4.  The BOD decay rate, a user 
specified parameter, was assumed to be 0.05/hr (Metcalf & Eddy, 1991).  
(TW −20)BODOX = (KBOD20* TCBOD )* BOD (5.4) 
where, 
BODOX = oxygen required to satisfy BOD decay, mg/L per time interval 
KBOD20 = BOD decay rate at 20 degrees Celsius, / interval
TCBOD = temperature correction coefficient
TW = water temperature, °C 
BOD = BOD concentration, mg/L
Instream Nutrient Simulation
The concentration of nitrogen and phosphorus in a waterbody is dependent upon 
many factors and processes.  These processes are simulated in the RQUAL section of 
HSPF. The primary processes that were simulated relating to inorganic nutrients include
the following: longitudinal advection of dissolved nitrate, ammonia, and orthophosphate; 












ammonification due to degradation of carbonaceous materials; adsorption and desorption 
of ammonia and orthophosphate to inorganic sediment in the water column; and 
deposition, scour and longitudinal advection of adsorbed ammonia and orthophosphate. 
The flux of organic nitrogen and phosphorus within the streams is simulated in the form 
of phytoplankton and benthic algae. 
Inorganic Nutrient Simulation 
Inorganic nutrient concentrations in the stream are impacted by a number of 
sources and sinks. The main sources of inorganic nutrients include the input from 
upstream tributaries, groundwater infiltration, point and nonpoint sources, atmospheric 
deposition, and degradation of carbonaceous matter.  Losses of nitrogen can be attributed 
to nitrogen in the stream outflow, nitrification and denitrification, vaporization, and algal 
uptake. Adsorption and desorption processes control the partitioning of the amount of 
ammonia and orthophosphate that is adsorbed to sediment in the water column and the 
stream bed and the amount that is dissolved. Processes such as deposition and scour of 
sediment control the amount of adsorbed nutrients in the water column.  Several of the 
nutrient sources, sinks, and processes are discussed below. The HSPF User’s Manual can 
be consulted for more information regarding options for simulation of nutrient processes 
available in HSPF (Bicknell et al., 2000). 
Background Nutrient Concentrations
Background nutrient concentrations in the streams were estimated based on water 













monitoring station on the Wolf River near Landon (Station 02481510) was utilized to 
determine typical conditions in January, the month that model simulation began. Mean 
concentrations for nitrate as N, ammonia as N, and orthophosphate as P were calculated 
using water quality data collected from 1978 to 1986.  The resulting mean concentrations 
for nitrate, total ammonia, and orthophosphate in the month of January were 0.10 mg
N/L, 0.02 mg N/L, and 0.01 mg P/L, respectively.
The calculated background nutrient concentrations discussed above correlated 
well with estimated concentrations of nutrients in undeveloped stream basins across the 
nation (Clark, 2000). In a study performed by the USGS, nitrogen and phosphorus 
concentrations at 85 USGS water quality monitoring stations downstream from relatively
undeveloped watersheds throughout the nation were analyzed.  Flow-weighted nutrient 
concentrations in these areas were generally low, with median concentrations of 0.020, 
0.087, 0.26, 0.010, and 0.022 mg/L for ammonia as N, nitrate as N, total nitrogen, 
orthophosphate as P, and total phosphorus (Clark, 2000). These national values closely


















The deposition of nitrogen to streams from the atmosphere was considered in both 
wet and dry forms.  Data for the wet deposition of NH3 and NO3 were obtained from the 
NADP, as was previously discussed.  Dry deposition values for NO3 were obtained by
multiplying the wet deposition NO3 values by a scaling factor of 0.7 (Goolsby, 1999). 
Dry deposition of NH3 was not accounted for. The wet and dry deposition of phosphorus 
was assumed negligible (Donigian, 1994).   
BOD Decay
The amount of inorganic nitrogen and phosphorus added to the water column 
from the decay of carbonaceous BOD is determined by using the stoichiometric 
relationships of nitrogen and phosphorus in typical biomass.  Equations 5.5 and 5.6 detail 
the calculation of nitrogen and phosphorus production, respectively, in HSPF based on 
the amount of total BOD decay, which was described earlier in Equation 5.4.  The 
stoichiometric conversion factors were calculated based on a typical phytoplankton 
biomass carbon:nitrogen:phosphorus ratio of 40:7.2:1 (USEPA, 1985).      
DECNIT = BODOX*CVON (5.5) 
DECPO4 = BODOX*CVOP (5.6) 
where, 
DECNIT = NH3 produced by BOD decay, mg N/L























BODOX = Total O2 demand for BOD decay, mg O2/L per time interval
CVON = stoichiometric conversion factor from mg O2 to mg N 
CVOP = stoichiometric conversion factor from mg O2 to mg P 
Nitrification/Denitrification
The nitrification of ammonia to nitrate is performed by chemoautotrophic bacteria 
that obtain energy through the oxidation process.  Within HSPF, the rate of nitrification is 
simulated as a first-order process in which the nitrification is directly proportional to the 
quantity of ammonia available in-stream (Bicknell et al., 2000).  The nitrification process, 
which is detailed in Equation 5.7, is also dependent upon available oxygen within the 
stream. 
(TW −20 )TAMNIT = KTAM20* (TCNIT )* TAM (5.7) 
where, 
TAMNIT = amount of NH3 oxidation , mg N/L per time interval 
KTAM20 = ammonia oxidation rate coefficient at 20°C, / time interval
TCNIT = temperature correction coefficient
TW = water temperature, °C 
TAM = total ammonia concentration, mg N/L
Denitrification is the process in which nitrate is reduced to nitrogen gas by














   




levels in the water are insufficient and microorganisms are required to break down nitrate 
to obtain oxygen for respiration.  For the St. Louis Bay model application, denitrification 
simulation would only occur if dissolved oxygen levels in the stream drop below 2 mg/L
(Bicknell et al., 2000).  Denitrification was also modeled using first-order kinetics within 
HSPF. 
Adsorption /Desorption of Ammonia and Orthophosphorus
Adsorption and desorption are the processes that describe the exchange of 
nutrients between the dissolved state and adsorption on suspended sediment (Bicknell et 
al., 2000). Adsorption and desorption within the stream reach were represented by a 
linear equilibrium isotherm described in Equation 5.8. The distribution coefficient, Kd, 
defines the approximate distribution of the contaminant between the solid and liquid 
phase (Tchobanoglous, 1985).  Adsorption and desorption were modeled for each 
sediment fraction: sand, silt, and clay.  
SNUT = DNUT * Kd (5.8) 
where, 
SNUT = equilibrium conc. of adsorbed nutrient on sediment, mg/kg
DNUT = equilibrium conc. of dissolved nutrient, mg/kg












Organic Nutrient Simulation 
The flux of organic nutrients in a stream reach is simulated in the PLANK section 
of the RCHRES module (Bicknell et al., 2000).  The organic nutrients are simulated in 
conjunction with the instream processes of phytoplankton and benthic algae.  Dead 
refractory organic nitrogen and phosphorus are modeled in a complex manner in HSPF, 
with several sources and sinks. The flow diagram for dead refractory organic nutrient 
storages within a stream is depicted in Figure 5.4.  Some of the processes modeled in the 
simulation include the advection of phytoplankton, the growth and death of 
phytoplankton and benthic algae, and the sinking of phytoplankton and dead refractory






























Unlike normal advection methods within HSPF that assume a constituent 
concentration is uniform throughout a stream reach, the geographical extent of plankton 
breeding grounds within a stream reach is inversely related to the flow rate (Bicknell et 
al., 2000). The breeding grounds of phytoplankton tend to be located near the channel 
boundaries, where water moves at a slower velocity.  In low flow conditions, large areas 
of slow-moving waters suitable for breeding will exist.  As flow within the stream
increases, flushing of the phytoplankton will increase.  Therefore, the presence of
plankton in a system mainly depends upon incoming concentrations and whether the 
plankton growth rate is higher than the rate of plankton advection. 
Phytoplankton Growth
The biological activity of a stream ecosystem is dependent upon the growth and 
production of phytoplankton.  Through photosynthetic processes, phytoplankton consume 
carbon dioxide and release oxygen into the water.  Concurrently, algal respiration 
consumes oxygen and releases carbon dioxide.  The concentration of inorganic nutrients 
in-stream is reduced by phytoplankton as they assimilate phosphates, nitrate, and 
ammonia and convert the nutrients into organic matter.  The organic matter that is not 
utilized for food decomposes and is added to the dead refractory nutrient storages  
in the stream.   
In the effort to simulate the dynamic behavior of phytoplankton populations using
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reach is assumed to consist of a single species with a constant chemical composition.  For 
the St. Louis Bay watershed model application, the biomass of all modeled aquatic 
organisms was assumed to have a constant carbon:nitrogen:phosphorus ratio of 40:7.2:1 
(USEPA, 1985). 
One of the factors that control the growth of algae is light availability. The
amount of light available to the phytoplankton is calculated based on the assumption that 
all phytoplankton exist at mid-depth of the stream reach or the middle of the calculated 
euphotic zone, whichever is nearer to the water surface (Bicknell et al., 2000). The light 
availability calculation is a function of the water depth, a light extinction coefficient 
assigned by the user, and the light available at the water surface, which is calculated 
based on solar radiation data that is included in the meteorological data supplied to the 
model. For the St. Louis Bay model application, the light extinction coefficient was 
assumed to be 0.2 ft-1 (Shindala et al., 1996). 
The temperature and nutrient concentrations of the water also affect the growth of 
algae. If water temperature drops below a minimum temperature or exceeds a maximum 
temperature, growth will not be simulated by the model.  For water temperatures between 
these limits, a maximum growth rate is calculated based on a linear temperature
correction factor (Bicknell et al., 2000).  Once the growth rate is adjusted for the water 
temperature, Monod growth kinetics is applied to determine whether algal growth will be 
limited based on nitrogen or phosphorus. 
Nitrogen is an essential component of algal metabolism and growth processes. 
Nitrogen is utilized by the organisms in the form of nitrate and ammonia. The nitrogen






















 MALGN * MMN GRON =   (5.9)
 MMN + CMMN 
where, 
GRON = unit growth rate based on nitrogen limitation, per time interval 
MALGN = maximum unit growth rate
MMN = total pool of inorganic nitrogen considered available for growth 
CMMN = Michaelis-Menton constant for nitrogen limited growth, mg N/L
The cellular metabolism and reproduction of algae is dependent upon the uptake 
of orthophosphate. The phosphorus-limited growth rate in the model is determined by
Equation 5.10. In circumstances where phosphorus is the limiting nutrient, it has been 
shown that the resultant growth rate is dependent on the concentration of both phosphate 
and nitrate ions (Bicknell et al., 2000). 
 MALGRT * PO4* NO3 GROP =  ) (5.10) (PO4 + CMMP) (* NO3 + CMMNP 
where, 
GROP = unit growth rate based on phosphorus limitation, per time interval 
MALGRT = temperature corrected maximum algal growth rate
PO4 = orthophosphate concentration, mg P/L
NO3 = nitrate concentration, mg N/L
CMMP = PO4 Michaelis-Menten constant for phosphorus limited growth, mg P/L



















The death of algae is calculated in the model based on one of two user-supplied 
death rates. A low unit death rate is applied when environmental conditions within the
stream are conducive to algal growth.  A high unit death rate is applied when nutrient 
concentrations in the stream are low or phytoplankton populations become excessive 
(Bicknell et al., 2000).  A low unit death rate of 0.001/hr and a high unit death rate of 
0.01/hr was used in the St. Louis Bay model application (Bicknell et al., 2000). The 
amount of phytoplankton death that occurs within a stream is represented in the model 
with the equation: 
DTHPHY = ALD* STC  (5.11) 
where, 
DTHPHY = amount of phytoplankton death, micromoles P/L per time interval 
ALD = unit algal death rate determined by environmental conditions, per time
interval
STC = concentration of phytoplankton, micromoles P/L
Benthic Algae
Benthic algae are those algae that are attached to the sediment at the bottom of a 
stream reach. Benthic algae can be responsible for large diurnal fluctuations of oxygen in 
a stream (Bicknell et al., 2000).  During daylight hours, when the organisms are exposed 


















assuming enough nutrients are available for photosynthesis (Bicknell et al., 2000). 
During the night hours when photosynthesis does not take place, these benthic organisms 
exert a significant oxygen demand on the system. 
The growth of benthic algae is modeled in a similar method to the growth of 
phytoplankton, excluding the advection simulation since the benthic organisms are 
attached to the bottom sediment. The death of benthic algae is modeled in a somewhat 
different manner than that of phytoplankton.  Similar to the simulation of phytoplankton 
death, a low and high unit death rate for benthic algae are specified in the model and are 
applied in correspondence with the environmental conditions within the stream. 
However, death of benthic algae also occurs through the “sloughing” process.  When the 
benthic population exceeds levels that can be supported by the bottom sediment, algae 
begin to break away from the bottom, which is known as sloughing (Bicknell et al., 
2000). This sloughing is accounted for in the calculation of benthic algal death, as 
detailed in Equation 5.12. 
DTHBAL = (ALD* BAL)+ SLOF (5.12) 
where, 
DTHBAL = amount of benthic algae death, micromoles P/L per time interval 
ALD = unit algal death rate determined by environmental conditions, per time
interval















Sinking of phytoplankton and dead refractory organic nutrients
The settling of phytoplankton and dead refractory organic nitrogen and 
phosphorus is also simulated in HSPF.  The amount of settling is calculated by Equation 
5.13. The sinking rate is determined by user input of settling rates for the modeled 
constituents. For phytoplankton, a settling rate of 0.014 ft/hr (0.1 m/day) was used 
(USEPA, 1985). For the settling of refractory organic matter, a settling rate of 0.1 was 
used (Donigian, 1999).   







SNKOUT = fraction of material which settles out, reduction of concentration per 
time interval
CONC = concentration of material before deposition 
KSET = sinking rate, feet per time interval

















The objective of this thesis is to develop, calibrate, and assess the applicability of 
a watershed scale model of dissolved oxygen demand and nutrient interactions within the 
Wolf and Jourdan River systems.  The developed watershed nutrient and dissolved 
oxygen model will subsequently be available for coupling with hydrodynamic and water 
quality models of the St. Louis Bay estuary.  The model, developed using BASINS 3.0 
and WinHSPF software (USEPA, 2001a), simulates rainfall runoff and associated water 
quality from a variety of land uses.  With the exception of simulating nutrient 
contributions from cropland, water quality constituents were modeled based on simple 
relationships between water flow and pollutant storage.  Cropland nutrient processes were 
simulated in a more complex, data intensive manner, reflecting the dynamic chemical and 
biological processes occurring in the soil and water.   
Wolf River Simulation
The initial sets of parameters used in the model were based upon the literature 
cited earlier and default modeling parameters.  Site-specific field data was subsequently
used to evaluate the watershed model performance and conduct initial calibration.  Three 
subwatersheds (O18, O19, O20) on the Wolf River were used for model calibration. 













Creek, drain approximately 200,000 acres on the eastern side of the study area. As 
illustrated in Figure 4.1 in Chapter 4.  The Wolf River system was selected for the initial 
calibration because of the quantity and quality of monitoring data available. Although a 
considerable amount of data is available for this area, it will be demonstrated that it was 
sufficient only for a preliminary calibration of the model. 
Historical Monitoring Data 
Several sources of instream monitoring data were used for model evaluation and 
calibration. Historical flow and water quality data from the USGS gauging station on the 
Wolf River near Landon, Mississippi (USGS Station 02481510) was one data source 
used for model calibration (Alexander et al., 2001).  The gauging station, which is part of 
the USGS National Stream Water-Quality Monitoring Network (WQN), is located in the
southern portion of subwatershed O18.  This sampling location, which is also used by the 
MDEQ, is referenced as WR2.  The location of sampling station WR2 is depicted in 
Figure 6.1. Although instream monitoring data has been collected at this location since 
1971, the frequency and duration of sampling varies for each monitoring parameter. 
Table 6.1 summarizes the available monitoring data from this gauging station that was 
used for model simulation analysis.  The flow and water quality data from this station 
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Figure 6. 1.  Sampling station WR2 on the lower Wolf River System.  
 
 











Water quality data collected by the MDEQ was also used to assess the model 
performance. Throughout 2000 and 2001, the MDEQ collected instream water quality
samples during numerous wet weather events, in addition to several baseflow sampling
series.  During these events, data was collected at a variety of sampling stations 
throughout the St. Louis Bay watershed.  Data collected by MDEQ at sampling station 
WR2 was also used in the model calibration. Table 6.2 describes the available data from 
the MDEQ wet weather sampling events at sampling station WR2.  The water quality
monitoring results from these sampling events are included in Appendix C.   
It should be reiterated that the available water quality data is adequate only for 
initial model calibration but is not sufficient for detailed calibration or subsequent model 
verification. Data collected on a monthly basis or during selected storm events can only
support model development and behavior that reflect overall trends. However, data 
collected at this frequency will not be sufficient for calibrating a model to reflect detailed 
processes within the system. 
In addition to the lack of sufficient instream water quality data for a detailed 
model calibration and verification, other data deficiencies exist.  Data pertaining to the 
partitioning of the water budget is one area where further data would be advantageous.  
Because nutrients can travel to the river system via several pathways, it is important to
accurately reflect the balance between infiltration and overland flow in the model 
hydrology.  Field data pertaining to cropland soil nitrogen levels throughout the soil 
profile would also be beneficial. As discussed in Chapter 4, the model simulates the flux





uptake, available moisture and other biochemical nitrogen interactions.  However, 
because detailed field data for each crop type is unavailable, it is difficult to determine 
the adequacy of the model inputs and make appropriate adjustments.   
 
 

















Table 6. 2. Instream water quality monitoring data from MDEQ sampling events at
Sampling Station WR2. 




























































































































For development of the watershed model and analysis of the model results along
the Wolf River, meteorological data from the Poplarville weather station was used. Data
from the Poplarville station was chosen because the recorded precipitation data closely
reflected that of several storm sampling events collected by the MDEQ. The 
precipitation data from the Poplarville station was selected also because it resulted in 
simulated stream flows that most closely reflected observed flows when input into the 
watershed model.  Because the meteorological data from the Poplarville station was only
available on a daily basis, hourly data from the White Sand station was used for 
disaggregation of the data (Hashim, 2001). 
Simulation Results
Model simulation of the hydrology and water quality conditions in the Wolf River 
and surrounding drainage area was performed for the time period of January 1965 to 
April 2001. The simulation results were then compared to historical water quality
monitoring data.  The model simulation results for dissolved oxygen, biochemical oxygen 
demand, phosphorus (orthophosphate), and nitrogen (ammonia and nitrate) are discussed 
in the following sections. Since the hydrology modeling parameters were based on the 




















The concentration of dissolved oxygen in the Wolf River was simulated and 
compared to water quality monitoring data collected monthly by the USGS. Initially, 
simulated dissolved oxygen concentrations were much lower than observed results.  To 
remedy this situation, the carbonaceous BOD decay rate was decreased from 0.1/day to 
0.05/day, remaining within the range of recommended typical rates of BOD decay
(Metcalf & Eddy, 1991).  Figure 6.2 depicts the simulated and observed dissolved oxygen 
concentration in the Wolf River at sampling station WR2 for the time period from 
December 1977 to October 1980.  The simulation results follow the sinusoidal pattern of 
the monthly-monitored dissolved oxygen concentrations, with lower dissolved oxygen 
supply in the summer months when high temperatures lead to higher growth and oxygen 
consumption from aquatic populations. 
The drastic fluctuations of the simulated DO concentration to zero or near zero
levels depicted in Figure 6.2 do not represent realistic instream conditions. This problem 
appears to be a result of deficiencies of the hydrology model relative to extreme low flow 
events.  Because the hydraulic simulation is based on uniform stream geometry, extreme 
low flow events result in model calculation of very shallow stream depths. With very
shallow stream depths, the simulated water temperature greatly increases, resulting in a
magnified misrepresentation of dissolved oxygen consumption in the system.  Correcting
such a deficiency would require both a more extensive modeling effort and more detailed 
field data for calibration purposes. In particular, it is likely that ground water interflow 





   
   






















Figure 6. 2.  Comparison of simulated and monthly-observed dissolved oxygen 
concentrations. 
Simulated dissolved oxygen concentrations were also compared to water quality
data collected by the MDEQ during several more recent storm events. A comparison of 
the simulated DO concentrations and data from instream sampling during four storm 
events and a base flow sampling event is depicted in Figure 6.3.  In each of the events, 
the simulated dissolved oxygen concentration was slightly lower than the observed 
instream concentration. This could be attributed to a number of factors such as under 
estimating oxygen production through photosynthesis; high carbonaceous and 
nitrogenous BOD decay; high sediment oxygen demand rates, excessive nitrification; or 
other factors discussed in Chapter 5.  Due to the lack of adequate field data, the exact 































Figure 6. 3. Comparison of simulated and observed dissolved oxygen concentrations 
during several storm events. 
Biochemical Oxygen Demand 
Biochemical oxygen demand in the Wolf River was also simulated in the model. 
Because historical monthly BOD data was not collected by the USGS, the instream storm
event data collected by the MDEQ at sampling station WR2 was the only data available
for comparison and analysis of simulation results.  Figure 6.4 displays the simulated and 
observed concentrations of BOD in the Wolf River.  The simulated biochemical oxygen 
demand in the system closely reflected the observed concentrations during the sampled 






   
  





Simulation Results at Sampling Station WR2: 





















10/21/2000 11/10/2000 11/30/2000 12/20/2000 1/9/2001 1/29/2001 2/18/2001 3/10/2001 3/30/2001 4/19/2001 5/9/2001 
Date 
Figure 6. 4. Simulated and Observed Concentrations of Carbonaceous BOD at Sampling
Station WR2. 
Nitrogen 
Nitrogen and the associated biochemical processes were simulated in the Wolf
River in the form of nitrate and total ammonia.  Figure 6.5 and 6.6 depict the simulated 
and MDEQ observed concentrations for nitrate and total ammonia, respectively. As 
evident in the figures, the simulated nitrogen concentrations did not reflect the instream
concentrations measured by the MDEQ during several rain and baseflow events. The 
simulated nitrate concentrations for the time period displayed in Figure 6.5 ranged from 
1.4 to 9.0 mg/L NO3 as N, whereas, measured instream concentrations were one to two 
orders of magnitude lower, ranging from 0.01 to 0.65 mg/L NO3 as N. The simulated 
ammonia levels were also considerably higher than the observed instream concentrations. 






ranged from 0.1 to 2.4 mg/L NH3 as N, whereas, the measured instream concentrations 





























    
 



























Figure 6. 6.  Simulated and Observed Concentrations of NH3 at Sampling Station WR2. 
To determine the cause of the extremely high simulated nitrogen concentrations, it 
was necessary to examine the sources and pathways of nitrogen to the river system along
with the reaction processes. Through this analysis, it was observed that most of the 
simulated instream nitrogen was being contributed from cropland.  To further determine 
the source of error in the model, adjustments to various nutrient-related model parameters
were made. These adjustments included decreasing the cropland nutrient loading;
adjustments to the timing of nutrient application and uptake; and modifying the rates of
the nutrient processes occurring within the soil profile.  However, these changes resulted 
in only slight decreases in the simulated instream nitrogen concentrations.  Next, the
pathways in which nitrogen reaches the river were examined.  Through this analysis, it
was observed that most of the simulated nitrogen being transported to the river system
 
 
   




was being contributed via interflow.  It was observed that the prior hydrologic calibration 
was made relative to the total instream hydrograph.  Results from that study were 
dependent primarily upon the total water budget and much less sensitive to the watershed 
pathway to the stream network.   
The model hydrology simulation, based on calibrated hydrology parameters from 
the previous fecal coliform study, transports high percentages of rainfall to the stream via 
interflow and active groundwater. Figure 6.7 depicts an example of this occurrence from 
the hay cropland land use in subwatershed O18, which is representative of outflow 
patterns in other pervious land segments in the study area. The figure depicts the total 
outflow from the pervious land segment, as well as a breakdown of outflow routes 
including surface runoff, interflow, and active groundwater for a one-year time period. 
From the figure, it can be observed that high percentages of simulated outflow occur in 
the form of interflow and active groundwater.  From this analysis, it is speculated that the 
exceedingly high rates of rainfall infiltration resulted in simulation of excess nitrate 
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Figure 6. 7.  Comparison of outflow routes from hay cropland in subwatershed O18. 
Although simulated instream nitrogen concentrations were much higher than 
observed concentrations, the simulated results mirrored the general trends of the observed 
instream nitrogen concentrations measured monthly by the USGS.  Figures 6.8 and 6.9 
display the simulated and observed nitrate concentrations, respectively, for the time
between October 1977 and November 1984. While the simulated and observed 
concentrations vary in magnitude, in many cases the simulated peak and trough nitrate


















nitrate concentrations.  These coinciding high and low concentrations are marked in the 
figures with dark blue markers and labeled with the date.   
Simulated Nitrate (1978-1985):






































Nitrate at Sampling Station WR2:

























Figure 6. 9.  Observed nitrate concentrations in the Wolf River at Sampling Station WR2. 
Phosphorus 
Phosphorus concentrations in the Wolf River and the associated biochemical 
processes were simulated in the dissolved and sediment-associated particulate form.  For
analysis purposes, the simulated instream dissolved orthophosphate concentrations for 
subwatershed O18 were evaluated against MDEQ field data from several rain and 
baseflow events. Figure 6.5 depicts the simulated concentrations in comparison with the 
orthophosphate levels measured by the MDEQ.  Similar to the model simulation of 
instream nitrogen, the simulated orthophosphate (PO4) concentrations were much higher 
than the instream PO4 concentrations measured by the MDEQ. The simulated results 
































Figure 6. 10.  Simulated and Observed Concentrations of Dissolved PO4 at Sampling
Station WR2. 
To determine the cause of the extremely high simulated dissolved orthophosphate 
concentrations, it was again necessary to examine the sources and pathways of 
phosphorus to the river system.  Through analysis of the various sources of phosphorus, it 
was observed that greater than 99% of the simulated daily phosphorus contribution to the 
river system was from cropland.  Based on the total outflow of phosphorus from 
cropland, the largest contributor was hay cropland (59%), followed by soybean cropland 
(35%), with corn cropland contributing only 5% and wheat cropland 1% of the total 
phosphorus outflow from cropland. 
To help determine the reason for such high simulated phosphorus concentrations 
from cropland, the phosphorus pathways were examined.  Typically, phosphorus is 
















phosphorus. However, in sandy soils such as those of the Coastal Plains, phosphorus 
leaching into subsurface flow can occur (Sharpley et al., 1999).  From analysis of model 
simulation results it was determined that phosphorus was indeed leaching and reaching
the river system from interflow.  Although phosphorus leaching can occur in sandy soils, 
the simulated outflow of solution phosphate from interflow accounted for 99% of the 
total contribution of dissolved phosphate, representing an unrealistic level of leaching.
As with the excess leaching of nitrogen in the model simulation, it is speculated that the 
exceedingly high rates of rainfall infiltration previously discussed in this chapter resulted 
in simulation of excess phosphorus leaching from the nutrient-rich cropland.   
Conclusions and Recommendations
Development of the nutrient and dissolved oxygen watershed and instream water 
quality model involved numerous steps, including model selection, data collection and 
analysis, literature review, model simulation and preliminary calibration.  The model was 
developed using the newly released USEPA BASINS 3.0 and WinHSPF modeling
software. Extensive data collection was required for model development. The most 
cumbersome data requirement resulted from assessment and calculation of nutrient inputs 
for the various land uses, especially cropland.  Nutrient inputs calculated for cropland 
included atmospheric deposition, fertilizer application and manure application. Also 
requiring data collection and analysis was the calculation of nutrient uptake rates for the 
four crop types grown in the study area: hay, corn, wheat and soybeans.  Data relating to 
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instream was also required.  A literature review of previous modeling efforts was 
important in determining appropriate parameters for model application such as kinetic
rates for nutrient and decay processes as well as other modeling parameters. A 
preliminary calibration was performed using limited instream data.  The model 
development results will be used in the future to help plan companion data acquisition 
and calibration efforts and will ultimately be loosely coupled with a hydrodynamic and 
water quality model of the St. Louis Bay estuary.
As indicated in the results discussed earlier in the chapter, the performance of the 
developed model was varied. The simulated dissolved oxygen concentration closely
matched instream measurements from the Wolf River collected by the USGS and the 
MDEQ, except during periods of extremely low flow. Modeled biochemical oxygen 
demand also closely matched instream data collected during several rain events by the
MDEQ. However, the simulated nitrogen and phosphorus concentrations did not reflect 
measured instream nitrogen concentrations, with simulated values one to two orders of 
magnitude higher than observed levels. 
To remedy the above mentioned simulation problems, it will be necessary to 
make additional adjustments to the St. Louis Bay water quality model.  One
recommendation for future model improvement includes reevaluation of the hydrologic 
calibration. Although the applied hydrologic model parameters were based on a 
calibrated and verified model (Hashim, 2001), the calibration was based on comparison 
of simulated and observed instream flows and did not address the specific origination of 







    
 




should be revisited to ensure a realistic distribution of flow between infiltration, active 
groundwater and overland flow. 
This chapter discusses the initial model calibration efforts and simulation results. 
To perform a more thorough model calibration and verification, additional data 
acquisition would be necessary.  Data pertaining to the partitioning of the water budget 
between infiltration and overland flow would be advantageous for reevaluation of the
model hydrology. Field data pertaining to cropland soil nitrogen levels throughout the 
soil profile would also be beneficial. Soil nutrient processes are simulated using first-
order kinetic rates, which are based on values from literature and other similar models. 
The availability of field data would allow for calibration of the kinetic rates based on 
local information, thus more accurately reflecting soil nutrient processes in the St. Louis 
Bay watershed.  In addition to field study data from cropland, it would be valuable to 
perform field studies on several other land uses within the subwatershed.  Water quality
analysis of rainfall runoff from land uses such as pasture and upland scrubland would be 
helpful in evaluating the assumptions that were made for pollutant accumulation and 
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O18 72552 2169 107 233 82 9645 28787 8589 61 
O19 9947 641 31 160 56 2301 5186 1103 0 
O20 45844 1214 56 300 115 9913 15350 4244 544 
O25 1919 23 0 0 0 64 476 557 1 
O26 18725 1617 0 0 0 3464 10163 2824 0 
O27 18722 553 3 21 7 614 3264 4148 738 
O28 1060 18 0 0 0 1 41 112 0 
O29 18004 917 4 27 9 3897 7825 1890 27 
O30 10833 690 20 121 43 3052 4336 2213 0 
O31 5755 1232 29 181 64 4505 4315 2094 0 
O32 12777 111 0 0 0 118 5318 7177 1488 
U1 1250 30 0 0 0 64 1038 440 50 
U2 2523 117 5 0 0 279 862 622 135 
W6 2614 278 12 0 0 325 859 394 207 
W7 1775 222 10 0 0 619 1675 510 543 
W8 1463 97 4 0 0 333 861 508 543 
W9 168 85 4 0 0 9 113 36 277 
W10 232 6 0 0 0 24 84 8 167 
W11 221 0 0 0 0 36 70 0 375 
W12 311 0 0 0 0 80 23 0 442 
W13 405 0 0 0 0 128 40 24 26 
W14 688 47 2 0 0 117 303 40 6 
W15 181 0 0 0 0 0 15 6 0 
W16 554 35 2 0 0 116 477 283 256 
W17 359 0 0 0 0 13 161 26 115 
W18 616 0 0 0 0 74 86 56 179 
W19 907 58 0 0 0 351 192 112 761 
W20 7314 940 20 0 0 1805 6774 2211 147 
W21 7463 743 0 0 0 1079 5210 1538 0 
W22 667 17 0 0 0 135 413 260 0 
W23 2441 315 0 0 0 506 1956 938 0 
W25 2587 0 0 0 0 422 558 452 68 
W26 2528 43 0 0 0 84 1878 942 329 
W27 5142 41 0 0 0 298 3834 3014 1091 
W28 603 8 0 0 0 39 156 54 394 
W29 530 18 0 0 0 54 65 17 732 
W30 513 26 0 0 0 94 75 81 328 
W31 731 25 0 0 0 22 66 22 378 
W32 373 94 0 0 0 9 143 40 201 
W33 154 0 0 0 0 0 2 15 570 




















Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1983 15.39 15.82 15.72 22.65 18.52 13.89 20.68 12.24 12.5 4.53 13.28 20.22 
1984 8.38 16.69 7.6 6.88 11.84 9.65 13.59 21.36 3.05 22.66 17.91 6.6 
1985 9.02 13.59 11.68 7.01 11.2 5.77 17.65 24.56 5.33 16.57 2.36 12.62 
1986 4.98 5.46 4.01 5.91 10.19 12.75 7.43 4.5 5.66 13.78 25.5 18.39 
1987 16.54 28.47 16.59 4.09 16.55 19.23 14.38 19.79 4.45 1.17 8.4 6.53 
1988 23.19 16.61 19.1 25.96 3.63 13.89 16.38 20.57 30.58 2.71 8.03 14.85 
1989 8.15 4.7 22.45 6.22 13.27 24.36 12.95 8.89 8.79 1.72 24.18 16.8 
1990 22.85 26.95 18.77 10.41 18.39 18.97 2.57 5.36 2.47 5.08 18.05 4.57 
1991 17.4 19.88 13.23 23.78 32.03 20.75 14.67 16.27 5.49 4.98 10.16 2.82 
1992 27.91 19.64 17.88 7.52 13.54 15.88 17.26 26.52 5.31 5.49 19.69 12.45 
1993 31.12 12.33 10.92 20.02 5.72 23.39 17.93 6.37 5.93 17.88 5.64 8.76 
1994 12.9 8.23 9.88 15.67 7.67 10.82 19.78 4.45 6.66 21.34 4.24 11.07 
1995 15.57 14.68 27.64 18.64 25.71 12.27 5.49 9.63 8.65 9.5 14.96 13.63 
1996 9.32 4.42 21.16 11.28 18.95 10.67 7.24 15.98 12.12 29.64 11.79 7.15 
1997 19.89 21.46 13.46 20.14 16.05 24.38 17.09 5.36 2.59 5.23 17.07 9.86 
1998 32.77 14.61 19.36 9.3 3.64 6.02 9.84 7.72 21.03 7.7 5.19 9.5 
1999 9.91 2.67 16.13 1.68 12.6 21.44 6.02 1.63 3.73 16.03 0.58 17.83 















Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1983 0.58 0.54 0.62 1.03 0.73 1.08 0.80 1.41 -- 0.91 0.45 0.61 
1984 1.25 0.36 1.07 0.63 0.9 2.22 1.14 0.94 0.96 0.68 0.43 0.24 
1985 0.51 0.61 0.69 1.18 0.71 1.3 1.51 -- 0.54 0.51 0.84 0.02 
1986 0.73 0.64 0.64 1.45 1.47 1.26 2.2 1.66 0.93 0.7 0.4 0.45 
1987 0.34 0.59 0.42 1.11 1.5 0.77 1.28 1.72 0.8 0.62 0.42 0.42 
1988 0.39 0.43 0.54 0.69 1.09 0.83 0.89 0.64 0.29 3.02 0.57 0.37 
1989 0.78 0.52 0.4 1.64 1.04 0.96 1.02 1.38 0.96 1.21 0.38 0.66 
1990 0.49 0.36 0.56 0.51 0.54 0.76 1.86 1.79 1.72 0.41 0.29 0.86 
1991 0.42 0.36 0.57 0.98 0.66 0.86 0.97 0.96 1.09 0.5 0.77 0.51 
1992 0.31 0.57 0.61 0.52 1.18 1.04 0.84 0.61 0.93 0.79 0.26 0.38 
1993 1.8 0.71 0.67 0.84 1.05 0.55 1.26 1.83 0.92 0.4 0.61 0.5 
1994 0.53 0.63 0.6 1.39 1.07 1.04 0.96 1.2 0.99 0.62 1.86 0.48 
1995 0.56 0.47 0.9 0.8 0.89 0.88 1.51 1.81 1.14 0.51 0.44 0.72 
1996 0.42 0.69 0.8 1.12 2.09 1.25 1.2 0.86 0.53 0.33 0.51 0.69 
1997 0.42 0.52 0.49 0.79 1 1.29 1.22 1.59 0.78 0.6 0.36 0.66 
1998 0.23 0.62 0.51 0.85 1.23 1.06 1.56 1.41 0.34 0.6 0.49 0.78 
1999 0.66 1.2 0.75 1.54 1.18 1.19 1.55 4.76 1.54 -- -- --














Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1983 0.89 0.85 0.97 2.33 1.35 1.50 1.65 1.73 -- 0.41 0.60 1.23 
1984 1.05 0.60 0.81 0.43 1.07 2.14 1.55 2.01 0.29 1.54 0.77 0.16 
1985 0.46 0.83 0.81 0.83 0.80 0.75 2.67 -- 0.29 0.85 0.20 0.03 
1986 0.36 0.35 0.26 0.86 1.50 1.61 1.63 0.75 0.53 0.96 1.02 0.83 
1987 0.56 1.68 0.70 0.45 2.48 1.48 1.84 3.40 0.36 0.07 0.35 0.27 
1988 0.90 0.71 1.03 1.79 0.40 1.15 1.46 1.32 0.89 0.82 0.46 0.55 
1989 0.64 0.24 0.90 1.02 1.38 2.34 1.32 1.23 0.84 0.21 0.92 1.11 
1990 1.12 0.97 1.05 0.53 0.99 1.44 0.48 0.96 0.42 0.21 0.52 0.39 
1991 0.73 0.72 0.75 2.33 2.11 1.78 1.42 1.56 0.60 0.25 0.78 0.14 
1992 0.87 1.12 1.09 0.39 1.60 1.65 1.45 1.62 0.49 0.43 0.51 0.47 
1993 5.60 0.88 0.73 1.68 0.60 1.29 2.26 1.17 0.55 0.72 0.34 0.44 
1994 0.68 0.52 0.59 2.18 0.82 1.13 1.90 0.53 0.66 1.32 0.79 0.53 
1995 0.87 0.69 2.49 1.49 2.29 1.08 0.83 1.74 0.99 0.48 0.66 0.98 
1996 0.39 0.30 1.69 1.26 3.96 1.33 0.87 1.37 0.64 0.98 0.60 0.49 
1997 0.84 1.12 0.66 1.59 1.61 3.15 2.08 0.85 0.20 0.31 0.61 0.65 
1998 0.75 0.91 0.99 0.79 0.45 0.64 1.54 1.09 0.72 0.46 0.25 0.74 
1999 0.65 0.32 1.21 0.26 1.49 2.55 0.93 0.78 0.57 -- -- --
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Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1983 0.80 0.76 0.87 2.08 1.21 1.34 1.48 1.54 -- 0.37 0.53 1.10 
1984 0.93 0.54 0.73 0.39 0.95 1.91 1.38 1.79 0.26 1.37 0.69 0.14 
1985 0.41 0.74 0.72 0.74 0.71 0.67 2.38 -- 0.26 0.75 0.18 0.02 
1986 0.32 0.31 0.23 0.76 1.34 1.43 1.46 0.67 0.47 0.86 0.91 0.74 
1987 0.50 1.50 0.62 0.41 2.21 1.32 1.64 3.04 0.32 0.06 0.31 0.24 
1988 0.81 0.64 0.92 1.60 0.35 1.03 1.30 1.17 0.79 0.73 0.41 0.49 
1989 0.57 0.22 0.80 0.91 1.23 2.09 1.18 1.09 0.75 0.19 0.82 0.99 
1990 1.00 0.87 0.94 0.47 0.89 1.29 0.43 0.86 0.38 0.19 0.47 0.35 
1991 0.65 0.64 0.67 2.08 1.89 1.59 1.27 1.39 0.53 0.22 0.70 0.13 
1992 0.77 1.00 0.97 0.35 1.43 1.47 1.29 1.44 0.44 0.39 0.46 0.42 
1993 5.00 0.78 0.65 1.50 0.54 1.15 2.02 1.04 0.49 0.64 0.31 0.39 
1994 0.61 0.46 0.53 1.94 0.73 1.00 1.69 0.48 0.59 1.18 0.70 0.47 
1995 0.78 0.62 2.22 1.33 2.04 0.96 0.74 1.56 0.88 0.43 0.59 0.88 
1996 0.35 0.27 1.51 1.13 3.53 1.19 0.78 1.23 0.57 0.87 0.54 0.44 
1997 0.75 1.00 0.59 1.42 1.43 2.81 1.86 0.76 0.18 0.28 0.55 0.58 
1998 0.67 0.81 0.88 0.71 0.40 0.57 1.37 0.97 0.64 0.41 0.23 0.66 
1999 0.58 0.29 1.08 0.23 1.33 2.28 0.83 0.69 0.51 -- -- --











































Table C. 1. MDEQ Storm Sampling Event #1: 11/16/00 – 11/22/00 
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CRN1 11.16.00 1416 0.8 12.24 26.77 7.24 0.223 0.210 0.330 0.0390 0.024 1100 11.18 
CRN1 11.17.00 1001 1.6 21.50 3.39 8.88 0.196 0.290 0.450 0.0242 0.044 5000 9.82 
CRN1 11.20.00 1019 11.2 31.98 1.73 9.53 0.436 0.123 0.823 0.0389 0.984 230 10.62 
CRN1 11.22.00 1012 1.2 15.85 25.90 12.00 0.150 0.217 0.538 0.0343 1.036 50 11.87 
WR2 11.16.00 1321 6.8 0.61 29.85 5.08 0.297 0.320 0.787 0.0251 0.012 300 11.11 
WR2 11.17.00 914 25.2 14.44 3.44 6.83 0.178 0.330 0.437 0.0201 0.052 5000 10.81 
WR2 11.20.00 943 43.6 27.38 2.03 11.32 0.342 0.102 0.635 0.0381 0.404 2400 11.81 
WR2 11.22.00 903 8.8 20.41 24.98 11.79 0.304 0.135 0.535 0.0302 0.648 300 12.70 
WR3 11.16.00 1534 8.4 7.96 32.49 4.85 0.232 0.285 0.522 0.0248 0.016 800 10.94 
WR3 11.17.00 1104 6.4 13.35 3.87 6.29 0.158 0.255 0.392 0.0221 0.016 300 10.65 
WR3 11.20.00 1119 12.8 29.68 2.93 13.03 0.389 0.172 0.596 0.0357 0.688 3000 11.80 
WR3 11.22.00 1127 3.2 23.83 26.73 12.50 0.219 0.146 0.483 0.0290 0.552 2400 12.94 
WR4 11.16.00 1355 8.4 4.29 32.85 4.23 0.222 0.345 0.405 0.0210 0.016 800 10.66 
WR4 11.17.00 944 6.0 8.46 3.66 5.58 0.098 0.198 0.457 0.0209 0.044 800 10.44 
WR4 11.20.00 1011 30.8 38.30 2.76 12.86 0.098 0.188 0.535 0.0356 0.652 3000 13.50 
WR4 11.22.00 947 5.6 15.85 26.41 12.70 0.298 0.128 0.544 0.0290 0.528 >1.6E 5 12.77 
WR5 11.16.00 1459 1.2 17.76 34.40 6.00 0.320 0.244 0.473 0.0237 0.020 800 10.36 
WR5 11.17.00 1034 1.2 18.24 3.64 9.34 0.187 0.188 0.457 0.0213 0.040 800 9.65 
WR5 11.20.00 1053 7.6 33.13 2.97 14.82 0.337 0.107 0.557 0.0342 0.384 1300 12.10 
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Table C. 2. MDEQ Storm Sampling Event #3: 01/29/01 – 02/01/01. 













CRN1 01.29.01 943 2.0 17.70 2.00 8.20 0.387 0.318 0.087 0.0070 0.024 40 10.72 
CRN1 01.30.01 1102 8.8 21.87 1.64 11.31 0.226 0.381 0.133 0.0054 0.032 2400 10.01 
CRN1 02.01.01 847 1.6 34.90 2.26 10.18 0.337 0.471 0.305 0.0102 0.024 500 10.24 
FDB2 01.29.01 632 8.8 57.78 4.13 15.31 0.352 0.434 0.356 0.0293 0.016 230 9.58 
FDB2 01.29.01 1622 11.2 65.92 6.74 13.97 0.411 0.256 0.522 0.0126 0.024 800 9.38 
FDB2 01.30.01 1215 11.2 53.76 1.95 14.70 0.242 0.159 0.648 0.0956 0.036 2400 8.55 
FDB2 02.01.01 1043 12.8 64.10 2.92 16.69 0.189 0.438 0.755 0.0805 0.008 1300 7.11 
HC1 01.29.01 750 1.2 14.44 2.58 7.29 0.382 0.374 0.078 0.0071 0.028 40 10.66 
HC1 01.29.01 1816 5.6 14.47 2.39 6.06 0.354 0.523 0.062 0.0089 0.032 220 10.46 
HC1 01.30.01 1305 10.4 31.38 1.26 14.19 0.383 0.334 0.282 0.0276 0.036 13000 10.26 
HC1 02.01.01 912 2.0 12.86 2.12 9.24 0.368 0.501 0.211 0.0130 0.020 300 10.89 
JNB2 01.29.01 538 9.6 11.72 3.31 5.01 0.563 0.512 0.130 0.0139 0.044 170 9.34 
JNB2 01.29.01 1517 7.6 17.76 2.08 5.28 0.499 0.215 0.172 0.0142 0.136 230 10.00 
JNB2 01.30.01 1455 5.6 24.99 0.91 11.53 0.467 0.512 0.230 0.0158 0.116 30000 9.44 
JNB2 01.31.01 1159 4.0 18.06 1.60 8.74 0.487 0.433 0.318 0.0180 0.120 1700 8.90 
JR3 01.29.01 700 3.2 19.87 3.04 9.40 0.298 0.372 0.094 0.0124 0.028 20 10.38 
JR3 01.29.01 1650 4.0 19.95 2.40 8.27 0.317 0.347 0.113 0.0143 0.040 20 10.36 
JR3 01.30.01 1130 4.4 17.58 1.32 8.99 0.456 0.473 0.243 0.0153 0.036 230 9.14 
JR3 02.01.01 946 4.4 32.14 2.69 13.06 0.340 0.409 0.428 0.0165 0.024 24000 9.77 
LBR1 01.29.01 1130 0.8 15.52 1.32 6.41 0.410 0.389 0.042 0.0057 0.020 20 10.91 
LBR1 01.30.01 947 4.4 10.07 1.27 6.55 0.307 0.226 0.087 0.0060 0.032 230 10.58 
LBR1 01.31.01 823 2.4 19.06 1.74 8.67 0.317 0.161 0.253 0.0078 0.020 800 10.21 
LBR1 02.01.01 727 2.8 18.37 2.64 8.88 0.263 0.197 0.162 0.0093 0.012 300 10.10 
WR2 01.29.01 902 2.0 13.35 2.45 6.66 0.398 0.373 0.065 0.0050 0.028 110 11.08 
WR2 01.30.01 1012 14.4 12.75 2.08 7.73 0.318 0.313 0.149 0.0057 0.032 1300 11.18 
WR2 01.31.01 749 14.8 23.09 2.80 10.12 0.315 0.083 0.178 0.0079 0.036 1700 10.77 
WR2 02.01.01 805 9.2 22.22 2.68 10.30 0.393 0.304 0.256 0.0131 0.020 800 10.97 
WR4 01.29.01 931 2.4 16.07 2.30 7.42 0.420 0.459 0.071 0.0045 0.028 70 11.28 
WR4 01.30.01 1045 12.0 18.12 1.93 9.10 0.321 0.053 0.107 0.0053 0.032 1700 10.97 








        
 
 









                            
                            
 
 
                            
                            
                            
172 
Table C. 3. MDEQ Storm Sampling Event #4: 03/08/01 – 03/11/01. 
















HC1 03.08.01 1316 8.0 25.83 1.53 9.11 0.321 0.356 0.1685 0.0069 0.028 130 9.93 
HC1 03.09.01 1143 11.6 18.53 2.37 11.24 0.537 0.338 0.1685 0.0051 0.036 500 9.73 
HC1 03.10.01 915 8.4 27.53 0.04 9.77 0.387 0.462 0.1976 0.0031 0.020 130 10.32 
HC1 03.11.01 831 7.6 28.06 1.73 9.75 0.344 0.356 0.1912 0.0030 0.032 130 10.36 
JNB2 03.08.01 1645 3.6 24.25 2.52 9.04 0.431 0.573 0.1069 0.0074 0.100 130 9.52 
JNB2 03.09.01 930 8.4 18.53 2.51 9.59 0.614 0.555 0.1426 0.0145 0.100 220 8.31 
JNB2 03.10.01 1445 3.2 20.12 1.71 7.65 0.519 0.366 0.1458 0.0053 0.068 300 9.71 
JR3 03.08.01 1415 4.4 41.61 1.87 14.19 0.357 0.373 0.2009 0.0045 0.024 500 10.48 
JR3 03.09.01 1111 4.4 23.82 2.15 13.13 0.596 0.316 0.1361 0.0070 0.028 170 8.82 
JR3 03.10.01 1334 5.2 21.18 1.13 12.03 0.354 0.381 0.1847 0.0043 0.028 80 8.55 
JR3 03.11.01 736 5.2 24.88 1.71 12.03 0.375 0.279 0.1166 0.0060 0.020 80 9.09 
LBR1 03.08.01 1100 0.8 28.99 1.68 9.06 0.311 0.455 0.2138 0.0039 0.016 230 9.51 
LBR1 03.09.01 1429 2.4 21.18 1.19 10.55 0.289 0.244 0.5378 0.0028 0.016 80 9.52 
LBR1 03.10.01 1107 0.8 15.88 1.08 8.25 0.328 0.302 0.1458 0.0027 0.016 170 9.83 
LBR1 03.11.01 1044 2.0 17.47 1.54 10.10 0.311 0.253 0.1004 0.0017 0.016 130 10.01 
WR2 03.08.01 1136 32.0 13.21 1.67 8.63 0.352 0.435 0.1102 0.0060 0.028 170 10.12 
WR2 03.09.01 1222 10.0 64.59 1.84 10.98 0.265 0.425 0.4147 0.0040 0.032 170 10.14 
WR2 03.09.01 801 9.6 14.82 0.43 7.81 0.376 0.364 0.2657 0.0025 0.028 70 10.30 
WR2 03.11.01 1018 8.8 18.53 1.62 10.18 0.304 0.109 0.1037 0.0020 0.036 140 10.59 
WR3 03.08.01 1238 2.8 32.14 2.58 9.43 0.430 0.342 0.2300 0.0063 0.028 80 9.85 
WR3 03.09.01 1329 4.4 16.41 1.61 10.83 0.301 0.423 0.1393 0.0041 0.020 70 10.01 
WR3 03.10.01 1005 5.2 20.12 1.43 9.64 0.285 0.367 0.1717 0.0033 0.016 300 10.45 
WR3 03.11.01 923 4.0 23.29 1.59 11.84 0.356 0.319 0.1199 0.0025 0.048 230 10.36 
WR4 03.08.01 1203 6.0 25.83 1.80 9.22 0.371 0.321 0.1166 0.0084 0.028 130 10.42 
WR4 03.09.01 1255 7.2 17.47 1.78 10.77 0.382 0.286 0.1037 0.0039 0.028 200 10.10 
WR4 03.10.01 1034 8.0 21.18 1.48 8.98 0.479 0.295 0.1620 0.0032 0.020 110 10.48 
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Table C. 4. MDEQ Storm Sampling Event #5: 03/28/01 – 04/01/01. 















FDB2 03.28.01 744 7.2 70.71 2.27 26.33 0.353 0.336 0.1588 0.2240 0.012 260 
FDB2 03.29.01 937 8.0 56.94 2.64 21.72 0.249 0.295 0.1847 0.2650 0.028 800 
FDB2 03.30.01 857 8.0 71.39 2.80 26.04 0.307 0.309 1.3122 0.1990 0.012 5000 9.03 
FDB2 04.01.01 900 10.0 79.05 1.49 24.24 0.287 0.340 0.7128 0.2680 0.024 500 5.22 
HC1 03.28.01 922 4.8 11.76 2.29 6.86 0.398 0.233 0.2138 0.0226 0.044 70 10.83 
HC1 03.29.01 1042 14.0 29.39 3.72 11.74 0.484 0.247 0.2657 0.0929 0.024 11000 10.61 
HC1 03.30.01 1006 8.8 26.51 2.09 10.00 0.392 0.216 0.2819 0.0641 0.016 1300 9.56 
HC1 04.01.01 1029 5.2 21.59 1.87 8.41 0.350 0.298 0.2268 0.0199 0.028 230 10.28 
JNB2 03.28.01 1220 6.4 16.16 2.56 7.57 0.374 0.305 0.0907 0.0208 0.128 23 9.78 
JNB2 03.29.01 1210 6.8 27.73 2.54 10.93 0.297 0.248 0.1004 0.0406 0.056 200 9.19 
JNB2 03.30.01 1132 4.8 14.47 2.26 9.07 0.495 0.214 0.2074 0.0166 0.020 300 8.45 
JNB2 04.01.01 1331 4.4 15.57 1.37 7.23 0.348 0.257 0.2268 0.0131 0.036 230 9.54 
JR3 03.28.01 812 3.2 18.37 1.95 7.88 0.273 0.319 0.4990 0.0156 0.036 20 8.29 
JR3 03.29.01 1007 4.8 12.31 2.44 8.43 0.328 0.401 0.2851 0.0283 0.024 230 9.77 
JR3 03.30.01 935 10.4 28.15 2.59 12.81 0.379 0.331 0.6221 0.0518 0.012 17000 9.16 
JR3 04.01.01 934 5.6 38.01 1.89 11.65 0.344 0.235 0.5216 0.0210 0.024 500 8.83 
LBR1 03.28.01 1318 1.2 18.37 2.08 6.65 0.335 0.178 0.1037 0.0118 0.016 20 10.29 
LBR1 03.29.01 1447 5.2 16.16 2.30 8.83 0.177 0.070 0.1847 0.0177 0.020 3000 10.33 
LBR1 03.30.01 1427 4.0 13.93 1.88 8.39 0.320 0.084 0.2624 0.0108 0.020 220 9.22 
LBR1 04.01.01 1421 2.0 17.21 1.24 7.65 0.294 0.154 0.1912 0.0116 0.016 230 9.42 
WR2 03.28.01 1115 4.0 21.67 2.17 6.06 0.178 0.167 0.1750 0.0128 0.028 80 11.09 
WR2 03.29.01 1130 10.8 13.41 2.91 8.63 0.271 0.242 0.4925 0.0143 0.020 1300 10.94 
WR2 03.30.01 1053 12.8 21.04 2.31 9.68 0.322 0.194 0.2592 0.0142 0.016 9000 10.10 
WR2 04.01.01 1227 4.8 15.02 1.26 8.02 0.247 0.311 0.2819 0.0103 0.024 20 10.30 
WR3 03.28.01 1021 2.0 11.20 2.71 7.59 0.297 0.185 0.1037 0.0143 0.024 20 10.84 
WR3 03.29.01 1359 14.4 19.47 2.58 11.12 0.179 0.094 0.1588 0.0155 0.024 1300 10.84 
WR3 03.30.01 1316 5.2 20.49 1.85 9.96 0.197 0.098 0.2365 0.0142 0.020 500 9.87 
WR3 04.01.01 1122 3.6 14.47 1.43 8.73 0.175 0.347 0.1976 0.0139 0.020 110 10.28 
WR4 03.28.01 1048 5.2 13.41 2.21 7.12 0.318 0.193 0.1069 0.0156 0.032 220 11.11 
WR4 03.29.01 1317 14.0 13.41 2.65 9.89 0.214 0.173 0.0972 0.0180 0.024 1300 10.92 
WR4 03.30.01 1227 9.2 30.34 2.22 9.69 0.259 0.182 0.2819 0.0168 0.016 1700 10.09 












    
   
 
   





   









Table C. 5. MDEQ Base Sampling Event #1:  11/30/01 

















BR1 11.30.00 811 3.2 12.16 31.60 7.32 0.330 0.123 0.214 0.0129 0.156 130 11.25 
LBR1-
B 11.30.00 836 0.0 ND 1.26 0.34 0.372 0.113 0.000 0.0045 0.016 < 20 
LBR1 11.30.00 836 0.4 15.31 2.29 8.65 0.357 0.159 0.418 0.0087 0.056 80 9.93 
WR2 11.30.00 920 2.8 15.31 3.53 9.10 0.438 0.253 0.185 0.0115 0.084 80 11.33 
WR2-
D 11.30.00 920 4.0 10.05 14.65 9.14 0.448 0.153 0.473 0.0115 0.068 80 
WR4 11.30.00 955 2.8 23.20 8.70 10.28 0.347 0.197 0.178 0.0116 0.116 < 20 11.30 
CRN1 11.30.00 1014 1.2 11.63 2.82 10.19 0.227 0.119 0.162 0.0168 0.192 130 10.73 
WR5 11.30.00 1110 1.6 22.68 2.45 11.84 0.377 0.184 0.227 0.0145 0.084 220 11.03 
WR3 11.30.00 1144 2.4 11.63 2.55 10.39 0.387 0.160 0.162 0.0130 0.100 40 11.45 
BCN1 11.30.00 1238 1.2 12.68 15.38 8.42 0.477 0.149 0.123 0.0132 0.028 70 9.24 
HC1 11.30.00 1256 3.2 19.52 2.85 9.00 0.338 0.130 0.194 0.0159 0.108 < 20 10.94 
BLT1 12.01.00 741 2.8 14.43 3.56 5.59 0.359 0.267 0.243 0.0163 0.104 40 12.42 
JR3 12.01.00 802 4.4 22.12 3.51 12.43 0.161 0.260 0.188 0.0367 0.076 130 8.64 
CC1 12.01.00 841 3.2 23.48 3.78 10.97 0.340 0.060 0.198 0.0215 0.080 80 11.26 
BLC3 12.01.00 905 6.8 52.89 3.89 17.19 0.247 0.230 0.282 0.0527 0.020 500 8.01 
FDB2 12.01.00 919 7.2 59.23 4.38 17.81 0.196 0.236 0.295 0.0794 0.020 700 7.44 
JNB2 12.01.00 952 7.2 10.81 3.71 7.01 0.387 0.156 0.175 0.1100 0.096 800 11.24 
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Table C. 6. MDEQ Base Sampling Event #2:  01/25/01 




















BR1 01.25.01 649 2.0 16.18 13.23 5.11 0.421 0.430 1.034 0.0827 0.012 20 12.73 
LBR1 01.25.01 725 1.2 20.79 13.26 6.34 0.411 0.369 1.017 0.0688 0.012 < 20 11.89 
WR2 01.25.01 752 2.4 24.38 12.62 7.11 0.393 0.402 1.134 0.0818 0.012 40 12.74 
WR4 01.25.01 817 2.4 22.84 12.09 7.67 0.462 0.354 1.082 0.1200 0.016 140 12.71 
CRN1 01.25.01 830 0.8 21.30 12.67 7.49 0.423 0.358 1.244 0.2650 0.020 40 12.28 
CRN1D 01.25.01 830 0.4 21.30 12.67 7.48 0.455 0.298 1.183 0.1180 0.016 < 20 12.28 
WR3 01.25.01 858 1.6 19.25 12.53 7.64 0.378 0.316 1.234 0.0899 0.016 40 12.75 
HC1 01.25.01 945 2.0 19.25 13.37 7.07 0.342 0.306 1.241 0.1090 0.012 < 20 12.84 
BCN1 01.25.01 957 0.4 11.30 10.51 6.43 0.419 0.440 1.290 0.0989 0.012 110 11.08 
BLT1 01.25.01 1023 1.6 4.40 10.53 4.66 0.441 0.058 1.390 0.2170 0.024 40 12.92 
JR3 01.25.01 1039 1.6 27.96 11.87 10.42 0.377 0.380 1.254 0.1410 0.020 70 11.41 
CC1 01.25.01 1110 1.6 20.49 10.82 9.57 0.334 0.325 1.406 0.1260 0.028 40 12.13 
FDB2 01.25.01 1140 9.2 65.30 15.14 20.32 0.292 0.403 1.656 0.2450 0.020 300 9.69 
BLC3 01.25.01 1148 7.2 69.32 17.65 22.37 0.339 0.434 1.636 0.2650 0.016 40 7.43 
JNB2 01.25.01 1225 3.6 15.32 15.25 5.84 0.487 0.421 1.409 0.2680 0.092 20 11.43 



























  UCI Created by WinHSPF for wolf
  START       1965/01/01 00:00  END    2001/04/24 24:00 
  RUN INTERP OUTPT LEVELS  4 2 
  RESUME  0 RUN  1 UNITS  1 
END GLOBAL
FILES 







    INGRP              INDELT 01:00 
      PERLND  101 
      PERLND  103 
      PERLND  104 
      PERLND  105 
      PERLND  106 
      PERLND  107 
      PERLND  108 
      PERLND  112 
      PERLND  113 
      IMPLND  101 
      PERLND  203 
      PERLND  204 
      PERLND  205 
      PERLND  206 
      PERLND  207 
      PERLND  208 
      PERLND  212 
      PERLND  213 
      PERLND  402 
      PERLND  403 
      PERLND  404 
      PERLND  405 
      PERLND  406 
      PERLND  407 
      PERLND  408 
      PERLND  412 
      PERLND  413 
      IMPLND  402 
      RCHRES  1 
      RCHRES  2 
      RCHRES  4 
END INGRP
































  MONTH-DATA  11 
0.61 0.45 13.12 13.22 0.87 1 0.96 0.86 0.36 0.37 0.37 0.35 
  END MONTH-DATA  11
  MONTH-DATA  2 
0.61 0.45 0.62 0.72 0.87 1 0.96 0.86 0.36 0.37 0.37 0.35 
  END MONTH-DATA  2
  MONTH-DATA  12 
0.61 0.45 0.62 0.72 0.87 1 0.96 0.86 0.36 0.37 0.37 0.35 
  END MONTH-DATA  12
  MONTH-DATA  13 
0.61 9.82 9.99 0.72 0.87 1 0.96 0.86 0.36 0.37 1 0.35 
  END MONTH-DATA  13
  MONTH-DATA  14 
0.61 15.45 0.62 8.22 0.87 1 15.96 0.86 15.36 0.37 7.87 15.35 
  END MONTH-DATA  14
  MONTH-DATA  15 
0.61 15.45 0.62 8.22 0.87 1 15.96 0.86 15.36 0.37 7.87 15.35 
  END MONTH-DATA  15
  MONTH-DATA  16 
0.61 15.45 0.62 8.22 0.87 1 15.96 0.86 15.36 0.37 7.87 15.35 
  END MONTH-DATA  16
  MONTH-DATA  31 
0 0 0 0 0 0 0 0 0 0 0 0 
  END MONTH-DATA  31
  MONTH-DATA  32 
0 0 0 0 0 0 0 0 0 0 0 0 
  END MONTH-DATA  32
  MONTH-DATA  33 
0 0 0 0 0 0 0 0 0 0 5.63 0 
  END MONTH-DATA  33
  MONTH-DATA  34 
0 0 0 7.5 0 0 0 0 0 0 7.5 0 
  END MONTH-DATA  34
  MONTH-DATA  35 
0 0 0 7.5 0 0 0 0 0 0 7.5 0 
  END MONTH-DATA  35
  MONTH-DATA  36 
0 0 0 7.5 0 0 0 0 0 0 7.5 0 
  END MONTH-DATA  36































 0.6 0.58 0.66 1.01 1.1 1.08 1.34 1.53 0.89 0.76 0.55 0.54 
  END MONTH-DATA  21
  MONTH-DATA  41 
0 0 37.5 37.5 0 0 0 0 0 0 0 0 
  END MONTH-DATA  41
  MONTH-DATA  42 
0 0 0 0 0 0 0 0 0 0 0 0 
  END MONTH-DATA  42
  MONTH-DATA  43 
0 28.1 28.1 0 0 0 0 0 0 0 1.88 0 
  END MONTH-DATA  43
  MONTH-DATA  44 
0.28 45.28 0.28 22.78 0.28 0.28 45.28 0.28 45.28 0.28 22.78 45.28 
  END MONTH-DATA  44
  MONTH-DATA  45 
0.15 45.15 0.15 22.65 0.15 0.15 45.15 0.15 45.15 0.15 22.65 45.15 
  END MONTH-DATA  45
  MONTH-DATA  46 
0.18 45.18 0.18 22.68 0.18 0.18 45.18 0.18 45.18 0.18 22.68 45.18 
  END MONTH-DATA  46
  MONTH-DATA  51 
0 0 0 0 0 0 0 0 0 0 0 0 
  END MONTH-DATA  51
  MONTH-DATA  52 
0 0 0 0 0 0 0 0 0 0 0 0 
  END MONTH-DATA  52
  MONTH-DATA  53 
0 0 0 0 0 0 0 0 0 0 16.9 0 
  END MONTH-DATA  53
  MONTH-DATA  54 
0.28 0.28 0.28 22.78 0.28 0.28 0.28 0.28 0.28 0.28 22.78 0.28 
  END MONTH-DATA  54
  MONTH-DATA  55 
0.15 0.15 0.15 22.65 0.15 0.15 0.15 0.15 0.15 0.15 22.65 0.15 
  END MONTH-DATA  55
  MONTH-DATA  56 
0.18 0.18 0.18 22.68 0.18 0.18 0.18 0.18 0.18 0.18 22.68 0.18 
  END MONTH-DATA  56
  MONTH-DATA  49 
0.14 0.16 0.23 0.42 0.36 0.25 0.2 0.25 0.22 0.15 0.18 0.15 































  MONTH-DATA  64 
0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 
  END MONTH-DATA  64
  MONTH-DATA  65 
0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 0.23 
  END MONTH-DATA  65
  MONTH-DATA  66 
0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 0.27 
  END MONTH-DATA  66
  MONTH-DATA  69 
0.19 0.19 0.22 0.36 0.36 0.33 0.38 0.44 0.28 0.23 0.18 0.17 
  END MONTH-DATA  69
  MONTH-DATA  81 
0 0 0 0 0 0 0 0 0 0 1 0 
  END MONTH-DATA  81
  MONTH-DATA  82 
0 0 0 0 0 0 0 0 0 0 7 0 
  END MONTH-DATA  82
  MONTH-DATA  83 
0 0 0 0 0 0 0 0 0 0 0 0 
  END MONTH-DATA  83
  MONTH-DATA  84 
0.06 0.06 0.06 30.06 0.06 0.06 0.06 0.06 0.06 0.06 30.06 0.06 
  END MONTH-DATA  84
  MONTH-DATA  85 
0.03 0.03 0.03 30.03 0.03 0.03 0.03 0.03 0.03 0.03 30.03 0.03 
  END MONTH-DATA  85
  MONTH-DATA  86 
0.04 0.04 0.04 30.04 0.04 0.04 0.04 0.04 0.04 0.04 30.04 0.04 
  END MONTH-DATA  86
  MONTH-DATA  91 
0 0 0 0 0 0 0 0 0 0 9 0 
  END MONTH-DATA  91
  MONTH-DATA  92 
0 0 0 0 0 0 0 0 0 0 63 0 
  END MONTH-DATA  92
  MONTH-DATA  93 
0 0 0 0 0 0 0 0 0 0 0 0 
  END MONTH-DATA  93























 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 
  END MONTH-DATA  97
  MONTH-DATA  98 
0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 
  END MONTH-DATA  98
  MONTH-DATA  99 
0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 




*** <PLS >               Active Sections  *** 
*** x -  x ATMP SNOW PWAT  SED  PST  PWG PQAL MSTL PEST NITR PHOS TRAC *** 
101 103 1 0 1 0 1 1 1 0 0 0 0 0 
104 106 1 0 1 1 1 1 1 1 0 1 1 0 
107 112 1 0 1 0 1 1 1 0 0 0 0 0 
113 1 0 1 1 1 1 1 1 0 1 1 0 
203 1 0 1 0 1 1 1 0 0 0 0 0 
204 206 1 0 1 1 1 1 1 1 0 1 1 0 
207 212 1 0 1 0 1 1 1 0 0 0 0 0 
213 1 0 1 1 1 1 1 1 0 1 1 0 
402 403 1 0 1 0 1 1 1 0 0 0 0 0 
404 406 1 0 1 1 1 1 1 1 0 1 1 0 
407 412 1 0 1 0 1 1 1 0 0 0 0 0 
413 1 0 1 1 1 1 1 1 0 1 1 0 
  END ACTIVITY
  PRINT-INFO
*** < PLS>                       Print-flags                           PIVL  PYR
*** x  - x ATMP SNOW PWAT  SED  PST  PWG PQAL MSTL PEST NITR PHOS TRAC
 101 413 4 4 4 4 4 4 4 4 4 4 4 4 1 9 
  END PRINT-INFO
  GEN-INFO 
*** Name                  Unit-systems   Printer
*** <PLS >                                t-series Engl Metr
*** x - x                                 in  out
 101 URBAN  1 1 0 0 
103 FOREST  1 1 0 0 
104 CROPLAND-WHEAT  1 1 0 0 
105 CROPLAND-HAY  1 1 0 0 
106 CROPLAND-SOY  1 1 0 0 
107 PASTURE/GRASSLAND  1 1 0 0 
108 UPLAND SCRUB/SHRUB  1 1 0 0 
112 WETLANDS  1 1 0 0 
113 CROPLAND-CORN  1 1 0 0 
203 FOREST  1 1 0 0 
204 CROPLAND-WHEAT  1 1 0 0 
205 CROPLAND-HAY  1 1 0 0 

























 207 PASTURE/GRASSLAND  1 1 0 0 
208 UPLAND SCRUB/SHRUB  1 1 0 0 
212 WETLANDS  1 1 0 0 
213 CROPLAND-CORN  1 1 0 0 
402 URBAN  1 1 0 0 
403 FOREST  1 1 0 0 
404 CROPLAND-WHEAT  1 1 0 0 
405 CROPLAND-HAY  1 1 0 0 
406 CROPLAND-SOY  1 1 0 0 
407 PASTURE/GRASSLAND  1 1 0 0 
408 UPLAND SCRUB/SHRUB  1 1 0 0 
412 WETLANDS  1 1 0 0 
413 CROPLAND-CORN  1 1 0 0 
  END GEN-INFO 
  ATEMP-DAT
*** <PLS >     ELDAT    AIRTEMP
*** x - x      (ft)    (deg F)
 101 113 199. 36. 
203 213 146.5 36. 
402 413 5. 36. 
  END ATEMP-DAT
  PWAT-PARM1
*** <PLS >                   Flags
*** x -  x CSNO RTOP UZFG  VCS  VUZ VNN VIFW VIRC  VLE IFFC  HWT IRRG 
101 413 0 1 1 1 0 0 0 0 1 1 0 0 
  END PWAT-PARM1
  PWAT-PARM2
*** < PLS>    FOREST      LZSN    INFILT      LSUR     SLSUR     KVARY     AGWRC
*** x  - x                (in)   (in/hr)      (ft)              (1/in)   (1/day)
 101 0. 14.1 0.1 300. 0.035 0.5 0.9 
103 1. 14.1 0.1 300. 0.035 0.5 0.99 
104 107 0. 14.1 0.1 300. 0.035 0.5 0.97 
108 112 0. 14.1 0.1 300. 0.035 0.5 0.98 
113 0. 14.1 0.1 300. 0.035 0.5 0.97 
203 1. 14.1 0.1 300. 0.035 0.5 0.99 
204 207 0. 14.1 0.1 300. 0.035 0.5 0.97 
208 212 0. 14.1 0.1 300. 0.035 0.5 0.98 
213 0. 14.1 0.1 300. 0.035 0.5 0.97 
402 0. 14.1 0.1 300. 0.035 0.5 0.9 
403 1. 14.1 0.1 300. 0.035 0.5 0.99 
404 406 0. 14.1 0.1 300. 0.035 0.5 0.97 
407 412 0. 14.1 0.1 300. 0.035 0.5 0.98 
413 0. 14.1 0.1 300. 0.035 0.5 0.97 
  END PWAT-PARM2
  PWAT-PARM3
*** < PLS>    PETMAX    PETMIN    INFEXP    INFILD    DEEPFR    BASETP    AGWETP
*** x  - x   (deg F)   (deg F)
 101 413 40. 35. 2. 2. 0.4 0.05 0.2 





































*** <PLS >     CEPSC      UZSN      NSUR     INTFW       IRC     LZETP
*** x - x      (in)      (in)                       (1/day)
 101 413 0.1 1.97 0.05 10. 0.6 0.3 
  END PWAT-PARM4
  PWAT-PARM5
*** <PLS >       FZG      FZGL
*** x - x
 101 413 1. 0.1 
  END PWAT-PARM5
  PWAT-PARM6
*** <PLS >     MELEV      BELV    GWDATM       PCW       PGW      UPGW
*** x - x      (ft)      (ft)      (ft)
 101 113 276. 269. 0. 0.01 0.44 0.44 
203 213 261. 216.5 0. 0.01 0.44 0.45 
402 413 169. 79. 0. 0.01 0.44 0.46 
  END PWAT-PARM6
  PWAT-PARM7
*** < PLS>    STABNO      SRRC  SREXP     IFWSC  DELTA    UELFAC    LELFAC
*** x  - x               (/hr)                (in)      (in)
 101 413 0. 0.1 1. 1. 0.001 4. 2.5 
  END PWAT-PARM7
  PWAT-STATE1
*** < PLS>  PWATER state variables (in)
*** x  - x      CEPS      SURS       UZS      IFWS       LZS      AGWS      GWVS
 101 413 0.1 0.01 1.97 0.01 14.1 0.6 1. 
  END PWAT-STATE1
  MON-INTERCEP
*** <PLS >  Interception storage capacity at start of each month (in)
*** x - x  JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT NOV DEC 
101 .1 .1 .1 .1 .1 .1 .1 .1 .1 .1 .1 .1 
103 .06 .06 .06 .1 .16 .16 .16 .16 .16 .1 .06 .06 
104 107 .06 .06 .065 .078 .095 .098 .098 .094 .095 .077 .072 .067 
108 112 .1 .1 .1 .1 .1 .1 .1 .1 .1 .1 .1 .1 
113 .06 .06 .065 .078 .095 .098 .098 .094 .095 .077 .072 .067 
203 .06 .06 .06 .1 .16 .16 .16 .16 .16 .1 .06 .06 
204 207 .06 .06 .065 .078 .095 .098 .098 .094 .095 .077 .072 .067 
208 212 .1 .1 .1 .1 .1 .1 .1 .1 .1 .1 .1 .1 
213 .06 .06 .065 .078 .095 .098 .098 .094 .095 .077 .072 .067 
402 .1 .1 .1 .1 .1 .1 .1 .1 .1 .1 .1 .1 
403 .06 .06 .06 .1 .16 .16 .16 .16 .16 .1 .06 .06 
404 407 .06 .06 .065 .078 .095 .098 .098 .094 .095 .077 .072 .067 
408 412 .1 .1 .1 .1 .1 .1 .1 .1 .1 .1 .1 .1 
413 .06 .06 .065 .078 .095 .098 .098 .094 .095 .077 .072 .067 
  END MON-INTERCEP
  MON-LZETPARM 
*** <PLS >  Lower zone evapotransp   parm at start of each month



























 101 413 .2 .2 .3 .3 .4 .4 .4 .4 .4 .3 .2 .2 
  END MON-LZETPARM 
  SOIL-DATA 
*** <PLS >|           Depths (in)  | Bulk density (lb/ft3)  | 
*** x -  x|Surface  Upper Lower Groundw|Surface  Upper Lower Groundw|
 101 413 0.5 6. 41. 80. 97. 97. 97. 97. 
  END SOIL-DATA 
  SOIL-DATA2
*** Wilting point for each soil layer 
*** <PLS >    SWILTP    UWILTP    LWILTP    AWILTP
*** x - x   (in/in)   (in/in)   (in/in)   (in/in)
 101 413 0. 0. 0. 0. 
  END SOIL-DATA2
  SOIL-DATA3
*** Field capacity for each soil layer 
*** <PLS >    SFDCAP    UFDCAP    LFDCAP    AFDCAP
*** x - x   (in/in)   (in/in)   (in/in)   (in/in)
 101 413 0. 0. 0. 0. 
  END SOIL-DATA3
  CROP-DATES 
*** Crop planting and harvesting dates
*** <PLS >         PLANT1   HARV1    PLANT2   HARV2    PLANT3   HARV3
*** x -  x NCRP  M  D  M  D  M  D  M  D  M  D  M  D
 101 103 1 1 1 12 31 1 1 12 31 1 1 12 31 
104 1 12 1 6 1 1 1 12 31 1 1 12 31 
105 2 4 1 9 30 10 10 3 15 1 1 12 31 
106 1 6 10 11 1 1 1 12 31 1 1 12 31 
107 112 1 1 1 12 31 1 1 12 31 1 1 12 31 
113 1 3 1 8 15 1 1 12 31 1 1 12 31 
203 1 1 1 12 31 1 1 12 31 1 1 12 31 
204 1 12 1 6 1 1 1 12 31 1 1 12 31 
205 2 4 1 9 30 10 10 3 15 1 1 12 31 
206 1 6 10 11 1 1 1 12 31 1 1 12 31 
207 212 1 1 1 12 31 1 1 12 31 1 1 12 31 
213 1 3 1 8 15 1 1 12 31 1 1 12 31 
402 403 1 1 1 12 31 1 1 12 31 1 1 12 31 
404 1 12 1 6 1 1 1 12 31 1 1 12 31 
405 2 4 1 9 30 10 10 3 15 1 1 12 31 
406 1 6 10 11 1 1 1 12 31 1 1 12 31 
407 412 1 1 1 12 31 1 1 12 31 1 1 12 31 
413 1 3 1 8 15 1 1 12 31 1 1 12 31 
  END CROP-DATES 
  CROP-STAGES
*** <PLS > Fractions of crop season for each stage 
*** x - x    CRPST1    CRPST2    CRPST3    CRPST4
 101 413 0. 0. 0. 0. 





















*** <PLS >    CRAWD1    CRAWD2    CRAWD3    CRAWD4 CRRDPI    CRRDPF
*** x - x                                              (in)      (in)
 101 413 0. 0. 0. 0. 0. 0. 
  END CROP-SEASPM
  SED-PARM1 
*** <PLS >  Sediment parameters 1
*** x - x  CRV VSIV SDOP
 101 103 0 0 0 
104 106 1 0 1 
107 112 0 0 0 
113 1 0 1 
203 0 0 0 
204 206 1 0 1 
207 212 0 0 0 
213 1 0 1 
402 403 0 0 0 
404 406 1 0 1 
407 412 0 0 0 
413 1 0 1 
  END SED-PARM1
  SED-PARM2 
*** <PLS >      SMPF      KRER      JRER     AFFIX     COVER      NVSI
*** x - x                                  (/day)           lb/ac-day 
101 213 1. 0.21 2. 0.003 0. 0. 
402 413 1. 0.24 2. 0.003 0. 0. 
  END SED-PARM2
  SED-PARM3 
*** <PLS >  Sediment parameter 3
*** x - x      KSER      JSER      KGER      JGER
 101 103 0. 2. 0. 1. 
104 2. 2. 0. 2. 
105 0.3 2. 0. 2. 
106 3. 2. 0. 2. 
107 112 0. 2. 0. 1. 
113 2. 2. 0. 2. 
203 0. 2. 0. 1. 
204 2. 2. 0. 2. 
205 0.3 2. 0. 2. 
206 3. 2. 0. 2. 
207 212 0. 2. 0. 1. 
213 2. 2. 0. 2. 
402 403 0. 2. 0. 1. 
404 2. 2. 0. 2. 
405 0.3 2. 0. 2. 
406 3. 2. 0. 2. 
407 412 0. 2. 0. 1. 
413 2. 2. 0. 2. 
  END SED-PARM3
  MON-COVER 























*** x - x  JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT NOV DEC 
101 103 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
104 .5 .5 .65 .8 .9 .9 .5 .85 .85 .85 .8 .6 
105 .85 .85 .88 .93 .93 .93 .65 .65 .73 .85 .85 .85 
106 .5 .5 .65 .8 .9 .05 .65 .85 .85 .75 .05 .5 
107 112 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
113 .45 0. .05 .45 .7 .88 .93 .93 .9 .85 .55 .5 
203 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
204 .5 .5 .65 .8 .9 .9 .5 .85 .85 .85 .8 .6 
205 .85 .85 .88 .93 .93 .93 .65 .65 .73 .85 .85 .85 
206 .5 .5 .65 .8 .9 .05 .65 .85 .85 .75 .05 .5 
207 212 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
213 .45 0. .05 .45 .7 .88 .93 .93 .9 .85 .55 .5 
402 403 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
404 .5 .5 .65 .8 .9 .9 .5 .85 .85 .85 .8 .6 
405 .85 .85 .88 .93 .93 .93 .65 .65 .73 .85 .85 .85 
406 .5 .5 .65 .8 .9 .05 .65 .85 .85 .75 .05 .5 
407 412 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
413 .45 0. .05 .45 .7 .88 .93 .93 .9 .85 .55 .5 
  END MON-COVER 
  PSTEMP-PARM1 
*** <PLS >  Flags for section PSTEMP
*** x -  x SLTV ULTV LGTV TSOP
 101 413 0 0 0 0 
  END PSTEMP-PARM1 
  PSTEMP-PARM2 
*** <PLS >      ASLT      BSLT     ULTP1     ULTP2     LGTP1     LGTP2
*** x - x   (deg F)   (deg F)             (deg F)             (deg F)
 101 413 32. 0.8 0.15 0.2 0.1 6. 
  END PSTEMP-PARM2 
  PSTEMP-TEMPS
*** <PLS >  Initial temperatures (deg F) 
*** x - x     AIRTC     SLTMP     ULTMP     LGTMP
 101 413 60. 50. 50. 60. 
  END PSTEMP-TEMPS
  PWT-PARM1 
*** <PLS >  Flags for section PWTGAS
*** x - x  IDV  ICV GDV GVC 
101 413 0 0 0 0 
  END PWT-PARM1 
  PWT-PARM2 
*** Second group of PWTGAS parms
*** <PLS >      ELEV     IDOXP     ICO2P     ADOXP     ACO2P
*** x - x      (ft)    (mg/l)  (mg C/l)    (mg/l)  (mg C/l)
 101 113 276. 6.8 0.6 6.8 0.6 
203 213 261. 6.8 0.6 6.8 0.6 
402 413 169. 6.8 0.6 6.8 0.6 































*** <PLS >  Sediment   Surface Interflow Active GW
*** x - x    SDLFAC    SLIFAC    ILIFAC    ALIFAC
 101 413 0. 0. 0. 0. 
  END LAT-FACTOR 
  PWT-TEMPS
*** <PLS >    Initial water temperatures (deg F) 
*** x - x     SOTMP     IOTMP     AOTMP
 101 413 50. 83. 83. 
  END PWT-TEMPS
  PWT-GASES 
*** Initial DO and CO2 concentrations
*** <PLS >     SODOX  SOCO2  IODOX IOCO2     AODOX  AOCO2
*** x - x    (mg/l)  (mg C/l)    (mg/l)   (mg C/l)   (mg/l)  (mg C/l)
 101 413 0. 0. 0. 0. 0. 0. 
  END PWT-GASES 
  NQUALS
*** <PLS >
*** x -  xNQUAL
 101 103 7 
104 106 1 
107 112 7 
113 1 
203 7 
204 206 1 
207 212 7 
213 1 
402 403 7 
404 406 1 
407 412 7 
413 1 
  END NQUALS
  PQL-AD-FLAGS
*** Atmospheric Deposition Flags 
*** < PLS>  QUAL1  QUAL2  QUAL3  QUAL4  QUAL5  QUAL6  QUAL7  QUAL8  QUAL9 QUAL10
*** x  - x <F><C> <F><C> <F><C> <F><C> <F><C> <F><C> <F><C> <F><C> <F><C> <F><C>
 101 413 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
  END PQL-AD-FLAGS 
  QUAL-PROPS 
*** <PLS >  Identifiers and Flags
*** x - x    QUALID      QTID  QSD VPFW VPFS  QSO VQO QIFW VIQC QAGW VAQC 
101 413COLIFORM  LBS  0 0 0 1 0 1 0 1 0 
  END QUAL-PROPS 
  QUAL-PROPS 
*** <PLS >  Identifiers and Flags
*** x - x    QUALID      QTID  QSD VPFW VPFS  QSO VQO QIFW VIQC QAGW VAQC 
101 413BOD             LBS  0 0 0 1 0 0 0 0 0 



























  QUAL-PROPS 
*** <PLS >  Identifiers and Flags
*** x - x    QUALID      QTID  QSD VPFW VPFS  QSO VQO QIFW VIQC QAGW VAQC 
101 413SED             LBS  0 0 0 1 0 0 0 0 0 
  END QUAL-PROPS 
  QUAL-PROPS 
*** <PLS >  Identifiers and Flags
*** x - x    QUALID      QTID  QSD VPFW VPFS  QSO VQO QIFW VIQC QAGW VAQC 
101 413NO3             LBS  0 0 0 1 0 0 0 0 0 
  END QUAL-PROPS 
  QUAL-PROPS 
*** <PLS >  Identifiers and Flags
*** x - x    QUALID      QTID  QSD VPFW VPFS  QSO VQO QIFW VIQC QAGW VAQC 
101 413PO4             LBS  0 0 0 1 0 0 0 0 0 
  END QUAL-PROPS 
  QUAL-PROPS 
*** <PLS >  Identifiers and Flags
*** x - x    QUALID      QTID  QSD VPFW VPFS  QSO VQO QIFW VIQC QAGW VAQC 
101 413ORGN            LBS  0 0 0 1 0 0 0 0 0 
  END QUAL-PROPS 
  QUAL-PROPS 
*** <PLS >  Identifiers and Flags
*** x - x    QUALID      QTID  QSD VPFW VPFS  QSO VQO QIFW VIQC QAGW VAQC 
101 413ORGP  LBS  0 0 0 1 0 0 0 0 0 
  END QUAL-PROPS 
  QUAL-PROPS 
*** <PLS >  Identifiers and Flags
*** x - x    QUALID      QTID  QSD VPFW VPFS  QSO VQO QIFW VIQC QAGW VAQC 
101 413SED             LBS  0 0 0 1 0 0 0 0 0 
  END QUAL-PROPS 
  QUAL-INPUT
*** Storage on surface and nonseasonal parameters
*** SQO   POTFW   POTFS   ACQOP  SQOLIM   WSQOP    IOQC    AOQC
*** <PLS >  qty/ac qty/ton qty/ton    qty/  qty/ac   in/hr qty/ft3 qty/ft3
*** x - x                          ac.day 
101 18000000 0. 0. 1.6E+10 1.4E+11 4.2 7100. 7100. 
103 4400000. 0. 0. 1.3E+09 1.2E+10 3.2 5700. 5700. 
104 10784000000 0. 0. 7.6E+10 6.8E+11 3.8 11000. 11000. 
108 1124400000. 0. 0. 1.3E+09 1.2E+10 3.2 5700. 5700. 
113 84000000 0. 0. 7.6E+10 6.8E+11 3.8 11000. 11000. 
203 4400000. 0. 0. 1.3E+09 1.2E+10 3.2 5700. 5700. 
204 20784000000 0. 0. 7.6E+10 6.8E+11 3.8 11000. 11000. 
208 2124400000. 0. 0. 1.3E+09 1.2E+10 3.2 5700. 5700. 
213 84000000 0. 0. 7.6E+10 6.8E+11 3.8 11000. 11000. 
402 18000000 0. 0. 1.6E+10 1.4E+11 4.2 7100. 7100. 
403 4400000. 0. 0. 1.3E+09 1.2E+10 3.2 5700. 5700. 






















 408 4124400000. 0. 0. 1.3E+09 1.2E+10 3.2 5700. 5700. 
413 84000000 0. 0. 7.6E+10 6.8E+11 3.8 11000. 11000. 
  END QUAL-INPUT
  QUAL-INPUT
*** Storage on surface and nonseasonal parameters
*** SQO   POTFW   POTFS   ACQOP  SQOLIM   WSQOP    IOQC    AOQC
*** <PLS >  qty/ac qty/ton qty/ton    qty/  qty/ac   in/hr qty/ft3 qty/ft3
*** x - x                          ac.day 
101 0. 0. 0. 0.063 1E+10 1.64 0. 0. 
103 0. 0. 0. 0. 1E+10 1.64 0. 0. 
107 0. 0. 0. 0.073 1E+10 1.64 0. 0. 
108 0. 0. 0. 0. 1E+10 1.64 0. 0. 
112 0. 0. 0. 0.042 1E+10 1.64 0. 0. 
203 0. 0. 0. 0. 1E+10 1.64 0. 0. 
207 0. 0. 0. 0.073 1E+10 1.64 0. 0. 
208 0. 0. 0. 0. 1E+10 1.64 0. 0. 
212 0. 0. 0. 0.042 1E+10 1.64 0. 0. 
402 0. 0. 0. 0.063 1E+10 1.64 0. 0. 
403 0. 0. 0. 0. 1E+10 1.64 0. 0. 
407 0. 0. 0. 0.073 1E+10 1.64 0. 0. 
408 0. 0. 0. 0. 1E+10 1.64 0. 0. 
412 0. 0. 0. 0.042 1E+10 1.64 0. 0. 
  END QUAL-INPUT
  QUAL-INPUT
*** Storage on surface and nonseasonal parameters
*** SQO   POTFW   POTFS   ACQOP  SQOLIM   WSQOP    IOQC    AOQC
*** <PLS >  qty/ac qty/ton qty/ton    qty/  qty/ac   in/hr qty/ft3 qty/ft3
*** x - x                          ac.day 
101 0. 0. 0. 0.54 1E+10 1.64 0. 0. 
103 0. 0. 0. 0.16 1E+10 1.64 0. 0. 
107 0. 0. 0. 1.349 1E+10 1.64 0. 0. 
108 0. 0. 0. 0.263 1E+10 1.64 0. 0. 
112 0. 0. 0. 0.092 1E+10 1.64 0. 0. 
203 0. 0. 0. 0.16 1E+10 1.64 0. 0. 
207 0. 0. 0. 1.349 1E+10 1.64 0. 0. 
208 0. 0. 0. 0.263 1E+10 1.64 0. 0. 
212 0. 0. 0. 0.092 1E+10 1.64 0. 0. 
402 0. 0. 0. 0.54 1E+10 1.64 0. 0. 
403 0. 0. 0. 0.16 1E+10 1.64 0. 0. 
407 0. 0. 0. 1.349 1E+10 1.64 0. 0. 
408 0. 0. 0. 0.263 1E+10 1.64 0. 0. 
412 0. 0. 0. 0.092 1E+10 1.64 0. 0. 
  END QUAL-INPUT
  QUAL-INPUT
*** Storage on surface and nonseasonal parameters
*** SQO   POTFW   POTFS   ACQOP  SQOLIM   WSQOP    IOQC    AOQC
*** <PLS >  qty/ac qty/ton qty/ton    qty/  qty/ac   in/hr qty/ft3 qty/ft3
*** x - x                          ac.day 
101 0. 0. 0. 0.004 1E+10 1.64 0. 0. 
103 0. 0. 0. 0.002 1E+10 1.64 0. 0. 

















 108 0. 0. 0. 0.002 1E+10 1.64 0. 0. 
112 0. 0. 0. 0.007 1E+10 1.64 0. 0. 
203 0. 0. 0. 0.002 1E+10 1.64 0. 0. 
207 0. 0. 0. 0.014 1E+10 1.64 0. 0. 
208 0. 0. 0. 0.002 1E+10 1.64 0. 0. 
212 0. 0. 0. 0.007 1E+10 1.64 0. 0. 
402 0. 0. 0. 0.004 1E+10 1.64 0. 0. 
403 0. 0. 0. 0.002 1E+10 1.64 0. 0. 
407 0. 0. 0. 0.014 1E+10 1.64 0. 0. 
408 0. 0. 0. 0.002 1E+10 1.64 0. 0. 
412 0. 0. 0. 0.007 1E+10 1.64 0. 0. 
  END QUAL-INPUT
  QUAL-INPUT
*** Storage on surface and nonseasonal parameters
*** SQO   POTFW   POTFS   ACQOP  SQOLIM   WSQOP    IOQC    AOQC
*** <PLS >  qty/ac qty/ton qty/ton    qty/  qty/ac   in/hr qty/ft3 qty/ft3
*** x - x                          ac.day 
101 0. 0. 0. 0.0005 1E+10 1.64 0. 0. 
103 0. 0. 0. 0.0001 1E+10 1.64 0. 0. 
107 0. 0. 0. 0.005 1E+10 1.64 0. 0. 
108 0. 0. 0. 0.0001 1E+10 1.64 0. 0. 
112 0. 0. 0. 0.001 1E+10 1.64 0. 0. 
203 0. 0. 0. 0.0001 1E+10 1.64 0. 0. 
207 0. 0. 0. 0.005 1E+10 1.64 0. 0. 
208 0. 0. 0. 0.0001 1E+10 1.64 0. 0. 
212 0. 0. 0. 0.001 1E+10 1.64 0. 0. 
402 0. 0. 0. 0.0005 1E+10 1.64 0. 0. 
403 0. 0. 0. 0.0001 1E+10 1.64 0. 0. 
407 0. 0. 0. 0.005 1E+10 1.64 0. 0. 
408 0. 0. 0. 0.0001 1E+10 1.64 0. 0. 
412 0. 0. 0. 0.001 1E+10 1.64 0. 0. 
  END QUAL-INPUT
  QUAL-INPUT
*** Storage on surface and nonseasonal parameters
*** SQO   POTFW   POTFS   ACQOP  SQOLIM   WSQOP    IOQC    AOQC
*** <PLS >  qty/ac qty/ton qty/ton    qty/  qty/ac   in/hr qty/ft3 qty/ft3
*** x - x                          ac.day 
101 0. 0. 0. 0.01 1E+10 1.64 0. 0. 
103 0. 0. 0. 0.002 1E+10 1.64 0. 0. 
107 0. 0. 0. 0.021 1E+10 1.64 0. 0. 
108 0. 0. 0. 0.002 1E+10 1.64 0. 0. 
112 0. 0. 0. 0.007 1E+10 1.64 0. 0. 
203 0. 0. 0. 0.002 1E+10 1.64 0. 0. 
207 0. 0. 0. 0.021 1E+10 1.64 0. 0. 
208 0. 0. 0. 0.002 1E+10 1.64 0. 0. 
212 0. 0. 0. 0.007 1E+10 1.64 0. 0. 
402 0. 0. 0. 0.01 1E+10 1.64 0. 0. 
403 0. 0. 0. 0.002 1E+10 1.64 0. 0. 
407 0. 0. 0. 0.021 1E+10 1.64 0. 0. 
408 0. 0. 0. 0.002 1E+10 1.64 0. 0. 
412 0. 0. 0. 0.007 1E+10 1.64 0. 0. 
























*** Storage on surface and nonseasonal parameters
*** SQO   POTFW   POTFS   ACQOP  SQOLIM   WSQOP    IOQC    AOQC
*** <PLS >  qty/ac qty/ton qty/ton    qty/  qty/ac   in/hr qty/ft3 qty/ft3
*** x - x                          ac.day 
101 0. 0. 0. 0.0017 1E+10 1.64 0. 0. 
103 0. 0. 0. 0.0001 1E+10 1.64 0. 0. 
107 0. 0. 0. 0.002 1E+10 1.64 0. 0. 
108 0. 0. 0. 0.0001 1E+10 1.64 0. 0. 
112 0. 0. 0. 0.001 1E+10 1.64 0. 0. 
203 0. 0. 0. 0.0001 1E+10 1.64 0. 0. 
207 0. 0. 0. 0.002 1E+10 1.64 0. 0. 
208 0. 0. 0. 0.0001 1E+10 1.64 0. 0. 
212 0. 0. 0. 0.001 1E+10 1.64 0. 0. 
402 0. 0. 0. 0.0017 1E+10 1.64 0. 0. 
403 0. 0. 0. 0.0001 1E+10 1.64 0. 0. 
407 0. 0. 0. 0.002 1E+10 1.64 0. 0. 
408 0. 0. 0. 0.0001 1E+10 1.64 0. 0. 
412 0. 0. 0. 0.001 1E+10 1.64 0. 0. 
  END QUAL-INPUT
  QUAL-INPUT
*** Storage on surface and nonseasonal parameters
*** SQO   POTFW   POTFS   ACQOP  SQOLIM   WSQOP    IOQC    AOQC
*** <PLS >  qty/ac qty/ton qty/ton    qty/  qty/ac   in/hr qty/ft3 qty/ft3
*** x - x                          ac.day 
101 0. 0. 0. 0.54 1E+10 1.64 0. 0. 
103 0. 0. 0. 0.16 1E+10 1.64 0. 0. 
107 0. 0. 0. 1.349 1E+10 1.64 0. 0. 
108 0. 0. 0. 0.263 1E+10 1.64 0. 0. 
112 0. 0. 0. 0.092 1E+10 1.64 0. 0. 
203 0. 0. 0. 0.16 1E+10 1.64 0. 0. 
207 0. 0. 0. 1.349 1E+10 1.64 0. 0. 
208 0. 0. 0. 0.263 1E+10 1.64 0. 0. 
212 0. 0. 0. 0.092 1E+10 1.64 0. 0. 
402 0. 0. 0. 0.54 1E+10 1.64 0. 0. 
403 0. 0. 0. 0.16 1E+10 1.64 0. 0. 
407 0. 0. 0. 1.349 1E+10 1.64 0. 0. 
408 0. 0. 0. 0.263 1E+10 1.64 0. 0. 
412 0. 0. 0. 0.092 1E+10 1.64 0. 0. 
  END QUAL-INPUT
  UZSN-LZSN 
*** <PLS >    UZSN    LZSN    SURS
*** x - x    (in)    (in)    (in)
 101 413 -999.  -999.  0.001 
  END UZSN-LZSN 
  MST-PARM
*** <PLS >     SLMPF      ULPF      LLPF
*** x - x
 101 103 1. 1. 1. 



























 107 112 1. 1. 1. 
113 0.4 1. 1. 
203 1. 1. 1. 
204 206 0.4 1. 1. 
207 212 1. 1. 1. 
213 0.4 1. 1. 
402 403 1. 1. 1. 
404 406 0.4 1. 1. 
407 412 1. 1. 1. 
413 0.4 1. 1. 
  END MST-PARM 
  MST-TOPSTOR
*** <PLS >      Topsoil storages (lb/ac)
*** x - x     SMSTM     UMSTM     IMSTM
 101 413 0. 0. 0. 
  END MST-TOPSTOR
  MST-TOPFLX
*** <PLS >   Fractional fluxes in topsoil layers (/ivl)
*** x - x       FSO       FSP       FII       FUP       FIO
 101 413 0. 0. 0. 0. 0. 
  END MST-TOPFLX
  MST-SUBSTOR
*** <PLS >  Subsoil moisture (lb/ac)
*** x - x     LMSTM     AMSTM
 101 413 0. 0. 
  END MST-SUBSTOR
  MST-SUBFLX
*** <PLS >  Subsurface fractional fluxes (/ivl) 
*** x - x       FLP      FLDP       FAO
 101 413 0. 0. 0. 
  END MST-SUBFLX
  NIT-FLAGS 
*** <PLS > Nitrogen flags
*** x -  x VNUT FORA ITMX BNUM CNUM NUPT FIXN AMVO ALPN VNPR 
101 103 0 0 30 2 2 0 0 0 0 0 
104 106 0 0 30 2 2 1 0 1 0 0 
107 112 0 0 30 2 2 0 0 0 0 0 
113 0 0 30 2 2 1 0 1 0 0 
203 0 0 30 2 2 0 0 0 0 0 
204 206 0 0 30 2 2 1 0 1 0 0 
207 212 0 0 30 2 2 0 0 0 0 0 
213 0 0 30 2 2 1 0 1 0 0 
402 403 0 0 30 2 2 0 0 0 0 0 
404 406 0 0 30 2 2 1 0 1 0 0 
407 412 0 0 30 2 2 0 0 0 0 0 
413 0 0 30 2 2 1 0 1 0 0 
  END NIT-FLAGS 




















      
193 
*** Atmospheric Deposition Flags 
*** <----NO3---->  <----NH3---->  <---ORGN---->
*** <PLS > <surf> <uppr>  <surf> <uppr>  <surf> <uppr>
*** x -  x <F><C> <F><C>  <F><C> <F><C>  <F><C> <F><C>
 101 103 0 0 0 0 0 0 0 0 0 0 0 0 
104 13 21 33 0 43 49 53 0 0 69 0 0 
105 14 21 34 0 44 49 54 0 64 69 64 0 
106 12 21 32 0 42 49 52 0 0 69 0 0 
107 112 0 0 0 0 0 0 0 0 0 0 0 0 
113 11 21 31 0 41 49 51 0 0 69 0 0 
203 0 0 0 0 0 0 0 0 0 0 0 0 
204 13 21 33 0 43 49 53 0 0 69 0 0 
205 15 21 35 0 45 49 55 0 65 69 65 0 
206 12 21 32 0 42 49 52 0 0 69 0 0 
207 212 0 0 0 0 0 0 0 0 0 0 0 0 
213 11 21 31 0 41 49 51 0 0 69 0 0 
402 403 0 0 0 0 0 0 0 0 0 0 0 0 
404 13 21 33 0 43 49 53 0 0 69 0 0 
405 16 21 36 0 46 49 56 0 66 69 66 0 
406 12 21 32 0 42 49 52 0 0 69 0 0 
407 412 0 0 0 0 0 0 0 0 0 0 0 0 
413 11 21 31 0 41 49 51 0 0 69 0 0 
  END NIT-AD-FLAGS 
  NIT-UPTAKE 
*** <PLS >Nitrogen plant uptake rates (/day)
*** x - x   Surface  Upper Lower  Groundw
 101 413 0. 0. 0. 0. 
  END NIT-UPTAKE 
  MON-NITUPT
*** <PLS >  Plant uptake parm for nitrogen in soil layer (/day)
*** x - x  JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT NOV DEC 
101 413 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
  END MON-NITUPT
  NIT-FSTGEN 
*** <PLS > Upt-facts<--------- Temp-parms (theta) --------->
*** x - x  NO3  NH4  PLN KDSA KADA KIMN  KAM KDNI  KNI KIMA
 101 413 1. 0. 1.07 1.06 1.06 1.07 1.07 1.07 1.05 1.07 
  END NIT-FSTGEN 
  NIT-FSTPM
*** < PLS>    Nitrogen first-order parameters (/day)
*** x  - x     KDSAM     KADAM     KIMNI       KAM KDNI KNI KIM 
101 103 0. 0. 0. 0. 0. 0. 0. 
104 106 0.01 1. 0. 0.0065 0. 1. 0. 
107 112 0. 0. 0. 0. 0. 0. 0. 
113 0.01 1. 0. 0.0065 0. 1. 0. 
203 0. 0. 0. 0. 0. 0. 0. 
204 206 0.01 1. 0. 0.0065 0. 1. 0. 
207 212 0. 0. 0. 0. 0. 0. 0. 
213 0.01 1. 0. 0.0065 0. 1. 0. 




























 404 406 0.01 1. 0. 0.0065 0. 1. 0. 
407 412 0. 0. 0. 0. 0. 0. 0. 
413 0.01 1. 0. 0.0065 0. 1. 0. 
  END NIT-FSTPM
  NIT-FSTPM
*** < PLS>    Nitrogen first-order parameters (/day)
*** x  - x     KDSAM     KADAM     KIMNI       KAM KDNI KNI KIM 
104 106 0.02 1. 0. 0.0001 0.4 0.24 0.01 
113 0.02 1. 0. 0.0001 0.4 0.24 0.01 
204 206 0.02 1. 0. 0.0001 0.4 0.24 0.01 
404 406 0.02 1. 0. 0.0001 0.4 0.24 0.01 
413 0.02 1. 0. 0.0001 0.4 0.24 0.01 
  END NIT-FSTPM
  NIT-FSTPM
*** < PLS>    Nitrogen first-order parameters (/day)
*** x  - x     KDSAM     KADAM     KIMNI       KAM KDNI KNI KIM 
104 106 1.02 0.5 0. 0.0001 0.4 0.1 0.5 
113 1.02 0.5 0. 0.0001 0.4 0.1 0.5 
204 206 1.02 0.5 0. 0.0001 0.4 0.1 0.5 
213 1.02 0.5 0. 0.0001 0.4 0.1 0.5 
404 406 1.02 0.5 0. 0.0001 0.4 0.1 0.5 
413 1.02 0.5 0. 0.0001 0.4 0.1 0.5 
  END NIT-FSTPM
  NIT-FSTPM
*** < PLS>    Nitrogen first-order parameters (/day)
*** x  - x     KDSAM     KADAM     KIMNI       KAM KDNI KNI KIM 
104 106 0. 0. 0. 0. 0.3 0. 0. 
113 0. 0. 0. 0. 0.3 0. 0. 
204 206 0. 0. 0. 0. 0.3 0. 0. 
213 0. 0. 0. 0. 0.3 0. 0. 
404 406 0. 0. 0. 0. 0.3 0. 0. 
413 0. 0. 0. 0. 0.3 0. 0. 
  END NIT-FSTPM
  NIT-AMVOLAT
*** <PLS >     SKVOL  UKVOL     LKVOL     AKVOL     THVOL    TRFVOL
*** x - x    (/day)    (/day)    (/day)    (/day)       (-)   (deg C)
 101 413 0. 0. 0. 0. 1.07 20. 
  END NIT-AMVOLAT
  NIT-YIELD 
*** <PLS >    NUPTGT    NMXRAT
*** x - x   (lb/ac)       (-)
 101 103 0. 1. 
104 47.9 2. 
105 239.5 2. 
106 86.3 2. 
107 112 0. 1. 
113 66.3 2. 
203 0. 1. 













 205 239.5 2. 
206 86.3 2. 
207 212 0. 1. 
213 66.3 2. 
402 403 0. 1. 
404 47.9 2. 
405 239.5 2. 
406 86.3 2. 
407 412 0. 1. 
413 66.3 2. 
  END NIT-YIELD 
  MON-NUPT-FR1
*** <PLS >  Monthly fractions of total annual N uptake
*** x - x  JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT NOV DEC 
101 103 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
104 .025 .05 .1 .3 .5 0. 0. 0. 0. 0. 0. .025 
105 .11 .025 0. .025 .175 .165 .11 .025 0. .025 .175 .165 
106 0. 0. 0. 0. 0. .05 .2 .5 .2 .05 0. 0. 
107 112 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
113 0. 0. .05 .35 .33 .22 .05 0. 0. 0. 0. 0. 
203 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
204 .025 .05 .1 .3 .5 0. 0. 0. 0. 0. 0. .025 
205 .11 .025 0. .025 .175 .165 .11 .025 0. .025 .175 .165 
206 0. 0. 0. 0. 0. .05 .2 .5 .2 .05 0. 0. 
207 212 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
213 0. 0. .05 .35 .33 .22 .05 0. 0. 0. 0. 0. 
402 403 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
404 .025 .05 .1 .3 .5 0. 0. 0. 0. 0. 0. .025 
405 .11 .025 0. .025 .175 .165 .11 .025 0. .025 .175 .165 
406 0. 0. 0. 0. 0. .05 .2 .5 .2 .05 0. 0. 
407 412 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
413 0. 0. .05 .35 .33 .22 .05 0. 0. 0. 0. 0. 
  END MON-NUPT-FR1
  MON-NUPT-FR2
*** <PLS >  Monthly fractions of N uptake from soil layer
*** x - x  JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT NOV DEC 
101 103 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
104 .025 .025 .025 .025 .025 0. 0. 0. 0. 0. 0. .025 
105 .025 .025 .025 .025 .025 .025 .025 .025 .025 .025 .025 .025 
106 0. 0. 0. 0. 0. .025 .025 .025 .025 .025 0. 0. 
107 112 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
113 0. 0. .025 .025 .025 .025 .025 0. 0. 0. 0. 0. 
203 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
204 .025 .025 .025 .025 .025 0. 0. 0. 0. 0. 0. .025 
205 .025 .025 .025 .025 .025 .025 .025 .025 .025 .025 .025 .025 
206 0. 0. 0. 0. 0. .025 .025 .025 .025 .025 0. 0. 
207 212 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
213 0. 0. .025 .025 .025 .025 .025 0. 0. 0. 0. 0. 
402 403 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
404 .025 .025 .025 .025 .025 0. 0. 0. 0. 0. 0. .025 
405 .025 .025 .025 .025 .025 .025 .025 .025 .025 .025 .025 .025 























 407 412 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
413 0. 0. .025 .025 .025 .025 .025 0. 0. 0. 0. 0. 
  END MON-NUPT-FR2
  MON-NUPT-FR2
*** <PLS >  Monthly fractions of N uptake from soil layer
*** x - x  JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT NOV DEC 
104 .325 .325 .325 .325 .325 0. 0. 0. 0. 0. 0. .475 
105 .275 .275 .275 .275 .275 .275 .275 .275 .275 .275 .275 .275 
106 0. 0. 0. 0. 0. .975 .475 .325 .325 .325 0. 0. 
113 0. 0. .975 .475 .325 .625 .625 0. 0. 0. 0. 0. 
204 .325 .325 .325 .325 .325 0. 0. 0. 0. 0. 0. .475 
205 .275 .275 .275 .275 .275 .275 .275 .275 .275 .275 .275 .275 
206 0. 0. 0. 0. 0. .975 .475 .325 .325 .325 0. 0. 
213 0. 0. .975 .475 .325 .625 .625 0. 0. 0. 0. 0. 
404 .325 .325 .325 .325 .325 0. 0. 0. 0. 0. 0. .475 
405 .275 .275 .275 .275 .275 .275 .275 .275 .275 .275 .275 .275 
406 0. 0. 0. 0. 0. .975 .475 .325 .325 .325 0. 0. 
413 0. 0. .975 .475 .325 .625 .625 0. 0. 0. 0. 0. 
  END MON-NUPT-FR2
  MON-NUPT-FR2
*** <PLS >  Monthly fractions of N uptake from soil layer
*** x - x  JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT NOV DEC 
104 .65 .65 .65 .65 .65 0. 0. 0. 0. 0. 0. .5 
105 .7 .7 .7 .7 .7 .7 .7 .7 .7 .7 .7 .7 
106 0. 0. 0. 0. 0. 0. .5 .65 .65 .65 0. 0. 
113 0. 0. 0. .5 .65 .35 .35 0. 0. 0. 0. 0. 
204 .65 .65 .65 .65 .65 0. 0. 0. 0. 0. 0. .5 
205 .7 .7 .7 .7 .7 .7 .7 .7 .7 .7 .7 .7 
206 0. 0. 0. 0. 0. 0. .5 .65 .65 .65 0. 0. 
213 0. 0. 0. .5 .65 .35 .35 0. 0. 0. 0. 0. 
404 .65 .65 .65 .65 .65 0. 0. 0. 0. 0. 0. .5 
405 .7 .7 .7 .7 .7 .7 .7 .7 .7 .7 .7 .7 
406 0. 0. 0. 0. 0. 0. .5 .65 .65 .65 0. 0. 
413 0. 0. 0. .5 .65 .35 .35 0. 0. 0. 0. 0. 
  END MON-NUPT-FR2
  MON-NUPT-FR2
*** <PLS >  Monthly fractions of N uptake from soil layer
*** x - x  JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT NOV DEC 
104 106 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
113 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
204 206 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
213 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
404 406 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
413 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
  END MON-NUPT-FR2
  NIT-AGUTF 
*** <PLS >    SANUTF    UANUTF    LANUTF    AANUTF
*** x - x
 101 413 0. 0. 0. 0. 























  MON-NITAGUTF 
*** <PLS >  Monthly above-ground fractions for plant uptake
*** x - x  JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT NOV DEC 
205 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
213 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
405 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
  END MON-NITAGUTF 
  MON-NITAGUTF 
*** <PLS >  Monthly above-ground fractions for plant uptake
*** x - x  JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT NOV DEC 
205 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
213 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
405 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
  END MON-NITAGUTF 
  MON-NITAGUTF 
*** <PLS >  Monthly above-ground fractions for plant uptake
*** x - x  JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT NOV DEC 
205 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
213 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
405 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
  END MON-NITAGUTF 
  MON-NITAGUTF 
*** <PLS >  Monthly above-ground fractions for plant uptake
*** x - x  JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT NOV DEC 
205 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
213 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
405 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
  END MON-NITAGUTF 
  NIT-STOR1
*** <PLS >Initial storage of N (lb/ac) 
*** x - x     LORGN      AMAD      AMSU       NO3      PLTN     RORGN
 101 103 0. 0. 0. 0. 0. 0. 
104 106 175. 5. 0.1 0.3 0. 0. 
107 112 0. 0. 0. 0. 0. 0. 
113 175. 5. 0.1 0.3 0. 0. 
203 0. 0. 0. 0. 0. 0. 
204 206 175. 5. 0.1 0.3 0. 0. 
207 212 0. 0. 0. 0. 0. 0. 
213 175. 5. 0.1 0.3 0. 0. 
402 403 0. 0. 0. 0. 0. 0. 
404 406 175. 5. 0.1 0.3 0. 0. 
407 412 0. 0. 0. 0. 0. 0. 
413 175. 5. 0.1 0.3 0. 0. 
  END NIT-STOR1
  NIT-STOR1
*** <PLS >Initial storage of N (lb/ac) 
*** x - x     LORGN      AMAD      AMSU       NO3      PLTN     RORGN





















 113 2000. 61. 0.5 1. 0. 0. 
204 206 2000. 61. 0.5 1. 0. 0. 
213 2000. 61. 0.5 1. 0. 0. 
404 406 2000. 61. 0.5 1. 0. 0. 
413 2000. 61. 0.5 1. 0. 0. 
  END NIT-STOR1
  NIT-STOR1
*** <PLS >Initial storage of N (lb/ac) 
*** x - x     LORGN      AMAD      AMSU       NO3      PLTN     RORGN
 104 106 2000. 300. 1. 2. 0. 0. 
113 2000. 300. 1. 2. 0. 0. 
204 206 2000. 300. 1. 2. 0. 0. 
213 2000. 300. 1. 2. 0. 0. 
404 406 2000. 300. 1. 2. 0. 0. 
413 2000. 300. 1. 2. 0. 0. 
  END NIT-STOR1
  NIT-STOR1
*** <PLS >Initial storage of N (lb/ac) 
*** x - x     LORGN      AMAD      AMSU       NO3      PLTN     RORGN
 104 106 800. 10. 0.5 0.1 0. 0. 
113 800. 10. 0.5 0.1 0. 0. 
204 206 800. 10. 0.5 0.1 0. 0. 
213 800. 10. 0.5 0.1 0. 0. 
404 406 800. 10. 0.5 0.1 0. 0. 
413 800. 10. 0.5 0.1 0. 0. 
  END NIT-STOR1
  NIT-STOR2
*** <PLS >  Initial N in interflow, above-ground, and litter storage (lb/ac) 
*** x - x     IAMSU      INO3     ISLON     ISRON    AGPLTN    LITTRN
 101 413 0. 0. 0. 0. 0. 0. 
  END NIT-STOR2
  PHOS-FLAGS 
*** <PLS > Phosphorus flags.
*** x -  x VPUT FORP ITMX BNUM CNUM PUPT
 101 103 0 0 30 1 1 0 
104 106 1 0 30 1 1 1 
107 112 0 0 30 1 1 0 
113 1 0 30 1 1 1 
203 0 0 30 1 1 0 
204 206 1 0 30 1 1 1 
207 212 0 0 30 1 1 0 
213 1 0 30 1 1 1 
402 403 0 0 30 1 1 0 
404 406 1 0 30 1 1 1 
407 412 0 0 30 1 1 0 
413 1 0 30 1 1 1 
  END PHOS-FLAGS 
  PHOS-AD-FLAGS 






















*** <----PO4---->  <---ORGP---->
*** <PLS > <surf> <uppr>  <surf> <uppr>
*** x -  x <F><C> <F><C>  <F><C> <F><C>
 101 103 0 0 0 0 0 0 0 0 
104 83 0 93 0 0 0 0 0 
105 84 0 84 0 97 0 97 0 
106 82 0 92 0 0 0 0 0 
107 112 0 0 0 0 0 0 0 0 
113 81 0 91 0 0 0 0 0 
203 0 0 0 0 0 0 0 0 
204 83 0 93 0 0 0 0 0 
205 85 0 85 0 98 0 98 0 
206 82 0 92 0 0 0 0 0 
207 212 0 0 0 0 0 0 0 0 
213 81 0 91 0 0 0 0 0 
402 403 0 0 0 0 0 0 0 0 
404 83 0 93 0 0 0 0 0 
405 86 0 86 0 99 0 99 0 
406 82 0 92 0 0 0 0 0 
407 412 0 0 0 0 0 0 0 0 
413 81 0 91 0 0 0 0 0 
  END PHOS-AD-FLAGS 
  PHOS-UPTAKE 
*** <PLS > Phosphorus plant uptake parms (/day)
*** x - x     SKPLP     UKPLP     LKPLP     AKPLP
 101 413 0. 0. 0. 0. 
  END PHOS-UPTAKE 
  MON-PHOSUPT
*** <PLS > Monthly phosphorus uptake parameters for soil layer (/day)
*** x - x  JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT NOV DEC 
101 413 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
  END MON-PHOSUPT
  PHOS-FSTGEN 
*** <PLS > Temperature corection parameters (theta)
*** x - x     THPLP    THKDSP    THKADP    THKIMP     THKMP
 101 413 1.07 1.06 1.06 1.07 1.07 
  END PHOS-FSTGEN 
  PHOS-FSTPM
*** <PLS > Phosphorus first-order parameters  (/day)
*** x - x      KDSP      KADP      KIMP       KMP
 101 103 0. 0. 0. 0. 
104 106 0.015 1. 10. 0.001 
107 112 0. 0. 0. 0. 
113 0.015 1. 10. 0.001 
203 0. 0. 0. 0. 
204 206 0.015 1. 10. 0.001 
207 212 0. 0. 0. 0. 
213 0.015 1. 10. 0.001 
402 403 0. 0. 0. 0. 































 407 412 0. 0. 0. 0. 
413 0.015 1. 10. 0.001 
  END PHOS-FSTPM
  PHOS-FSTPM
*** <PLS > Phosphorus first-order parameters  (/day)
*** x - x      KDSP      KADP      KIMP       KMP
 104 106 0.015 1. 0. 0. 
113 0.015 1. 0. 0. 
204 206 0.015 1. 0. 0. 
213 0.015 1. 0. 0. 
404 406 0.015 1. 0. 0. 
413 0.015 1. 0. 0. 
  END PHOS-FSTPM
  PHOS-FSTPM
*** <PLS > Phosphorus first-order parameters  (/day)
*** x - x      KDSP      KADP      KIMP       KMP
 104 106 0.05 0.5 0.1 0.0003 
113 0.05 0.5 0.1 0.0003 
204 206 0.05 0.5 0.1 0.0003 
213 0.05 0.5 0.1 0.0003 
404 406 0.05 0.5 0.1 0.0003 
413 0.05 0.5 0.1 0.0003 
  END PHOS-FSTPM
  PHOS-FSTPM
*** <PLS > Phosphorus first-order parameters  (/day)
*** x - x      KDSP      KADP      KIMP       KMP
 104 106 0. 0. 0. 0. 
113 0. 0. 0. 0. 
204 206 0. 0. 0. 0. 
213 0. 0. 0. 0. 
404 406 0. 0. 0. 0. 
413 0. 0. 0. 0. 
  END PHOS-FSTPM
  PHOS-CMAX 
*** <PLS >      CMAX
*** x - x     (ppm)
 101 413 0. 
  END PHOS-CMAX 
  PHOS-SVALPM 
*** Parameters for Freundlich method
*** <PLS >      XFIX        K1        N1
*** x - x     (ppm) (complex)
 101 413 0. 0. -999. 
  END PHOS-SVALPM 
  PHOS-YIELD
*** <PLS >    PUPTGT    PMXRAT
*** x - x   (lb/ac)       (-)














 104 14.3 1. 
105 34.4 1. 
106 8.8 1. 
107 112 0. 1. 
113 11.5 1. 
203 0. 1. 
204 14.3 1. 
205 34.4 1. 
206 8.8 1. 
207 212 0. 1. 
213 11.5 1. 
402 403 0. 1. 
404 14.3 1. 
405 34.4 1. 
406 8.8 1. 
407 412 0. 1. 
413 11.5 1. 
  END PHOS-YIELD
  MON-PUPT-FR1
*** <PLS >  Monthly fractions of total annual P uptake
*** x - x  JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT NOV DEC 
101 103 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
104 .025 .05 .1 .3 .5 0. 0. 0. 0. 0. 0. .025 
105 .14 .035 0. .015 .085 .225 .14 .035 0. .015 .085 .225 
106 0. 0. 0. 0. 0. .05 .2 .5 .2 .05 0. 0. 
107 112 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
113 0. 0. .03 .17 .45 .28 .07 0. 0. 0. 0. 0. 
203 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
204 .025 .05 .1 .3 .5 0. 0. 0. 0. 0. 0. .025 
205 .14 .035 0. .015 .085 .225 .14 .035 0. .015 .085 .225 
206 0. 0. 0. 0. 0. .05 .2 .5 .2 .05 0. 0. 
207 212 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
213 0. 0. .03 .17 .45 .28 .07 0. 0. 0. 0. 0. 
402 403 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
404 .025 .05 .1 .3 .5 0. 0. 0. 0. 0. 0. .025 
405 .14 .035 0. .015 .085 .225 .14 .035 0. .015 .085 .225 
406 0. 0. 0. 0. 0. .05 .2 .5 .2 .05 0. 0. 
407 412 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
413 0. 0. .03 .17 .45 .28 .07 0. 0. 0. 0. 0. 
  END MON-PUPT-FR1
  MON-PUPT-FR2
*** <PLS >  Monthly fractions of P uptake from soil layer
*** x - x  JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT NOV DEC 
101 103 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
104 .05 .05 .05 .05 .05 0. 0. 0. 0. 0. 0. .05 
105 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 
106 0. 0. 0. 0. 0. .05 .05 .05 .05 .05 0. 0. 
107 112 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
113 0. 0. .05 .05 .05 .05 .05 0. 0. 0. 0. 0. 
203 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
204 .05 .05 .05 .05 .05 0. 0. 0. 0. 0. 0. .05 



















 206 0. 0. 0. 0. 0. .05 .05 .05 .05 .05 0. 0. 
207 212 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
213 0. 0. .05 .05 .05 .05 .05 0. 0. 0. 0. 0. 
402 403 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
404 .05 .05 .05 .05 .05 0. 0. 0. 0. 0. 0. .05 
405 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 .05 
406 0. 0. 0. 0. 0. .05 .05 .05 .05 .05 0. 0. 
407 412 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
413 0. 0. .05 .05 .05 .05 .05 0. 0. 0. 0. 0. 
  END MON-PUPT-FR2
  MON-PUPT-FR2
*** <PLS >  Monthly fractions of P uptake from soil layer
*** x - x  JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT NOV DEC 
104 .3 .3 .3 .3 .3 0. 0. 0. 0. 0. 0. .45 
105 .25 .25 .25 .25 .25 .25 .25 .25 .25 .25 .25 .25 
106 0. 0. 0. 0. 0. .95 .45 .3 .3 .3 0. 0. 
113 0. 0. .95 .45 .3 .6 .6 0. 0. 0. 0. 0. 
204 .3 .3 .3 .3 .3 0. 0. 0. 0. 0. 0. .45 
205 .25 .25 .25 .25 .25 .25 .25 .25 .25 .25 .25 .25 
206 0. 0. 0. 0. 0. .95 .45 .3 .3 .3 0. 0. 
213 0. 0. .95 .45 .3 .6 .6 0. 0. 0. 0. 0. 
404 .3 .3 .3 .3 .3 0. 0. 0. 0. 0. 0. .45 
405 .25 .25 .25 .25 .25 .25 .25 .25 .25 .25 .25 .25 
406 0. 0. 0. 0. 0. .95 .45 .3 .3 .3 0. 0. 
413 0. 0. .95 .45 .3 .6 .6 0. 0. 0. 0. 0. 
  END MON-PUPT-FR2
  MON-PUPT-FR2
*** <PLS >  Monthly fractions of P uptake from soil layer
*** x - x  JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT NOV DEC 
104 .65 .65 .65 .65 .65 0. 0. 0. 0. 0. 0. .5 
105 .7 .7 .7 .7 .7 .7 .7 .7 .7 .7 .7 .7 
106 0. 0. 0. 0. 0. 0. .5 .65 .65 .65 0. 0. 
113 0. 0. 0. .5 .65 .35 .35 0. 0. 0. 0. 0. 
204 .65 .65 .65 .65 .65 0. 0. 0. 0. 0. 0. .5 
205 .7 .7 .7 .7 .7 .7 .7 .7 .7 .7 .7 .7 
206 0. 0. 0. 0. 0. 0. .5 .65 .65 .65 0. 0. 
213 0. 0. 0. .5 .65 .35 .35 0. 0. 0. 0. 0. 
404 .65 .65 .65 .65 .65 0. 0. 0. 0. 0. 0. .5 
405 .7 .7 .7 .7 .7 .7 .7 .7 .7 .7 .7 .7 
406 0. 0. 0. 0. 0. 0. .5 .65 .65 .65 0. 0. 
413 0. 0. 0. .5 .65 .35 .35 0. 0. 0. 0. 0. 
  END MON-PUPT-FR2
  MON-PUPT-FR2
*** <PLS >  Monthly fractions of P uptake from soil layer
*** x - x  JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT NOV DEC 
104 106 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
113 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
204 206 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
213 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
404 406 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 





















  END MON-PUPT-FR2
  PHOS-STOR1
*** <PLS >  Initial phosphorus in soil layer (lb/ac) 
*** x - x      ORGP      P4AD      P4SU      PLTP
 101 103 0. 0. 0. 0. 
104 106 30. 2. 0.1 0. 
107 112 0. 0. 0. 0. 
113 30. 2. 0.1 0. 
203 0. 0. 0. 0. 
204 206 30. 2. 0.1 0. 
207 212 0. 0. 0. 0. 
213 30. 2. 0.1 0. 
402 403 0. 0. 0. 0. 
404 406 30. 2. 0.1 0. 
407 412 0. 0. 0. 0. 
413 30. 2. 0.1 0. 
  END PHOS-STOR1
  PHOS-STOR1
*** <PLS >  Initial phosphorus in soil layer (lb/ac) 
*** x - x      ORGP      P4AD      P4SU      PLTP
 104 106 60. 15. 0.5 0. 
113 60. 15. 0.5 0. 
204 206 60. 15. 0.5 0. 
213 60. 15. 0.5 0. 
404 60. 15. 0.5 0. 
406 60. 15. 0.5 0. 
413 60. 15. 0.5 0. 
  END PHOS-STOR1
  PHOS-STOR1
*** <PLS >  Initial phosphorus in soil layer (lb/ac) 
*** x - x      ORGP      P4AD      P4SU      PLTP
 104 106 30. 120. 1. 0. 
113 30. 120. 1. 0. 
204 206 30. 120. 1. 0. 
213 30. 120. 1. 0. 
404 30. 120. 1. 0. 
406 30. 120. 1. 0. 
413 30. 120. 1. 0. 
  END PHOS-STOR1
  PHOS-STOR1
*** <PLS >  Initial phosphorus in soil layer (lb/ac) 
*** x - x      ORGP      P4AD      P4SU      PLTP
 104 106 20. 150. 0.5 0. 
113 20. 150. 0.5 0. 
204 206 20. 150. 0.5 0. 
213 20. 150. 0.5 0. 
404 20. 150. 0.5 0. 
406 20. 150. 0.5 0. 
413 20. 150. 0.5 0. 













































*** <PLS >  Phosphate in interflow (lb/ac)
*** x - x     IP4SU
 101 413 0. 




*** <ILS >               Active Sections
*** x -  x ATMP SNOW IWAT  SLD  IWG IQAL
 101 402 1 0 1 0 1 1 
  END ACTIVITY
  PRINT-INFO
*** <ILS > ******** Print-flags ******** PIVL  PYR
*** x -  x ATMP SNOW IWAT  SLD  IWG IQAL ********* 
101 402 4 4 4 4 4 4 1 9 
  END PRINT-INFO
  GEN-INFO 
*** Name             Unit-systems   Printer
*** <ILS >                           t-series Engl Metr
*** x - x                            in  out
 101 402URBAN  1 1 0 0 
  END GEN-INFO 
  ATEMP-DAT
*** <ILS >     ELDAT    AIRTEMP
*** x - x      (ft)    (deg F)
 101 199. 36. 
402 5. 36. 
  END ATEMP-DAT
  IWAT-PARM1
*** <ILS >        Flags
*** x -  x CSNO RTOP  VRS VNN RTLI
 101 402 0 1 0 0 0 
  END IWAT-PARM1
  IWAT-PARM2
*** <ILS >      LSUR     SLSUR      NSUR     RETSC
*** x - x      (ft)                          (ft)
 101 402 300. 0.035 0.1 0.065 
  END IWAT-PARM2
  IWAT-PARM3
*** <ILS >    PETMAX    PETMIN
*** x - x   (deg F)   (deg F)
 101 402 40. 35. 









































*** <ILS >  IWATER state variables (inches)
*** x - x      RETS      SURS
 101 402 0.01 0.01 
  END IWAT-STATE1
  IWT-PARM1 
*** <ILS >  Flags for section IWTGAS
*** x -  x WTFV CSNO
 101 402 0 0 
  END IWT-PARM1
  IWT-PARM2 
*** Second group of IWTGAS parms
*** <ILS >      ELEV      AWTF      BWTF
*** x - x      (ft)   (deg F) (deg F/F)
 101 276. 30. 0.93 
402 169. 30. 0.93 
  END IWT-PARM2
  LAT-FACTOR
*** <ILS >  Sediment   Surface 
*** x - x    SDLFAC    SLIFAC
 101 402 0. 0. 
  END LAT-FACTOR 
  IWT-INIT
*** <ILS >     SOTMP     SODOX  SOCO2
*** x - x   (deg F)    (mg/l)  (mg C/l)
 101 402 50. 0. 0. 
  END IWT-INIT
  NQUALS
*** <ILS >
*** x -  xNQUAL
 101 402 7 
  END NQUALS
  IQL-AD-FLAGS
*** Atmospheric Deposition Flags 
*** < ILS>  QUAL1  QUAL2  QUAL3  QUAL4  QUAL5  QUAL6  QUAL7  QUAL8  QUAL9 QUAL10
*** x  - x <F><C> <F><C> <F><C> <F><C> <F><C> <F><C> <F><C> <F><C> <F><C> <F><C>
 101 402 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
  END IQL-AD-FLAGS 
  QUAL-PROPS 
*** <ILS >    Identifiers and Flags
*** x - x      QUALID    QTID  QSD VPFW  QSO VQO 
101 402COLIFORM  LBS  0 0 1 0 
  END QUAL-PROPS 
  QUAL-PROPS 
*** <ILS >    Identifiers and Flags


































 101 402BOD             LBS  0 0 1 0 
  END QUAL-PROPS 
  QUAL-PROPS 
*** <ILS >    Identifiers and Flags
*** x - x      QUALID    QTID  QSD VPFW  QSO VQO 
101 402SED             LBS  0 0 1 0 
  END QUAL-PROPS 
  QUAL-PROPS 
*** <ILS >    Identifiers and Flags
*** x - x      QUALID    QTID  QSD VPFW  QSO VQO 
101 402NO3             LBS  0 0 1 0 
  END QUAL-PROPS 
  QUAL-PROPS 
*** <ILS >    Identifiers and Flags
*** x - x      QUALID    QTID  QSD VPFW  QSO VQO 
101 402PO4             LBS  0 0 1 0 
  END QUAL-PROPS 
  QUAL-PROPS 
*** <ILS >    Identifiers and Flags
*** x - x      QUALID    QTID  QSD VPFW  QSO VQO 
101 402ORGN            LBS  0 0 1 0 
  END QUAL-PROPS 
  QUAL-PROPS 
*** <ILS >    Identifiers and Flags
*** x - x      QUALID    QTID  QSD VPFW  QSO VQO 
101 402ORGP  LBS  0 0 1 0 
  END QUAL-PROPS 
  QUAL-PROPS 
*** <ILS >    Identifiers and Flags
*** x - x      QUALID    QTID  QSD VPFW  QSO VQO 
101 402SED             LBS  0 0 1 0 
  END QUAL-PROPS 
  QUAL-INPUT
*** Storage on surface and nonseasonal parameters
*** SQO   POTFW   ACQOP  SQOLIM   WSQOP
*** <ILS >  qty/ac qty/ton    qty/  qty/ac   in/hr
*** x - x                  ac.day 
101 402 5E+08 0. 5E+08 4.6E+09 0.01 
  END QUAL-INPUT
  QUAL-INPUT
*** Storage on surface and nonseasonal parameters
*** SQO   POTFW   ACQOP  SQOLIM   WSQOP
*** <ILS >  qty/ac qty/ton    qty/  qty/ac   in/hr
*** x - x                  ac.day 
101 402 0. 0. 0.283 1E+10 1.64 













































*** Storage on surface and nonseasonal parameters
*** SQO   POTFW   ACQOP  SQOLIM   WSQOP
*** <ILS >  qty/ac qty/ton    qty/  qty/ac   in/hr
*** x - x                  ac.day 
101 402 0. 0. 2.43 1E+10 1.64 
  END QUAL-INPUT
  QUAL-INPUT
*** Storage on surface and nonseasonal parameters
*** SQO   POTFW   ACQOP  SQOLIM   WSQOP
*** <ILS >  qty/ac qty/ton    qty/  qty/ac   in/hr
*** x - x                  ac.day 
101 402 0. 0. 0.02 1E+10 1.64 
  END QUAL-INPUT
  QUAL-INPUT
*** Storage on surface and nonseasonal parameters
*** SQO   POTFW   ACQOP  SQOLIM   WSQOP
*** <ILS >  qty/ac qty/ton    qty/  qty/ac   in/hr
*** x - x                  ac.day 
101 402 0. 0. 0.002 1E+10 1.64 
  END QUAL-INPUT
  QUAL-INPUT
*** Storage on surface and nonseasonal parameters
*** SQO   POTFW   ACQOP  SQOLIM   WSQOP
*** <ILS >  qty/ac qty/ton    qty/  qty/ac   in/hr
*** x - x                  ac.day 
101 402 0. 0. 0.047 1E+10 1.64 
  END QUAL-INPUT
  QUAL-INPUT
*** Storage on surface and nonseasonal parameters
*** SQO   POTFW   ACQOP  SQOLIM   WSQOP
*** <ILS >  qty/ac qty/ton    qty/  qty/ac   in/hr
*** x - x                  ac.day 
101 402 0. 0. 0.008 1E+10 1.64 
  END QUAL-INPUT
  QUAL-INPUT
*** Storage on surface and nonseasonal parameters
*** SQO   POTFW   ACQOP  SQOLIM   WSQOP
*** <ILS >  qty/ac qty/ton    qty/  qty/ac   in/hr
*** x - x                  ac.day 
101 402 0. 0. 2.43 1E+10 1.64 












































*** x -  x HYFG ADFG CNFG HTFG SDFG GQFG OXFG NUFG PKFG PHFG
 1 4 1 1 0 1 1 1 1 1 1 0 
  END ACTIVITY
  PRINT-INFO
*** RCHRES  Printout level flags
*** x -  x HYDR ADCA CONS HEAT  SED GQL OXRX NUTR PLNK PHCB PIVL  PYR 
1 4 4 4 4 4 4 4 4 4 4 4 1 9 
  END PRINT-INFO
  GEN-INFO 
*** Name        Nexits   Unit Systems   Printer
*** RCHRES                               t-series  Engl Metr LKFG
*** x - x                                 in  out
 1 WOLF R  1 1 1 91 0 0 
2 MURDER CR  1 1 1 91 0 0 
4 WOLF R  1 1 1 91 0 0 
  END GEN-INFO 
  HYDR-PARM1
*** Flags for HYDR section
***RC HRES  VC A1 A2 A3  ODFVFG for each *** ODGTFG for each     FUNCT  for each
*** x  - x  FG FG FG FG  possible   exit *** possible   exit     possible   exit
 1 4 0  1  1  1 4  0  0  0  0 0  0  0  0  0 1  1  1  1  1 
  END HYDR-PARM1
  HYDR-PARM2
*** RCHRES FTBW FTBU       LEN     DELTH     STCOR        KS      DB50
*** x - x             (miles)      (ft)      (ft)                (in)
 1 0. 1. 28.18 266. 3.2 0.5 0.01 
2 0. 2. 9.9 154. 3.2 0.5 0.01 
4 0. 4. 31.94 125. 3.2 0.5 0.01 
  END HYDR-PARM2
  MON-CONVF 
*** RCHRES  Monthly f(VOL) adjustment factors
*** x - x  JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT NOV DEC 
1 4 .97 .89 .89 .91 .93 .93 .94 .95 .95 .98 .98 .97 
  END MON-CONVF 
  HYDR-INIT
*** Initial conditions for HYDR section
***RC HRES  VOL  CAT Initial value  of COLIND  initial  value  of OUTDGT
*** x  - x     ac-ft      for each possible  exit  for each possible exit,ft3 
1 4 0.01 4.2 4.5 4.5 4.5 4.2 2.1 1.2 .5 1.2 1.8 
  END HYDR-INIT
  HYDR-CATEGORY 
*** Categories specified for Outflows, Precipitation and Evaporation
*** RCHRES Categories associated with:
*** x -  x prec evap  fv1  fv2  fv3  fv4  fv5   gt
 1 4 








































***RC HRES  Initial Category Storage Fractions
*** x  - x   c cfrac   c cfrac   c cfrac   c cfrac   c cfrac   c cfrac   c cfrac
 1 4 0. 0. 0. 0. 0. 0. 0. 
  END HYDR-CINIT
  HYDR-CPREC 
***RC HRES  Category Fractions for Precipitation
*** x  - x  c  frac  c  frac  c  frac  c  frac  c  frac  c  frac  c  frac
 1 4 0. 0. 0. 0. 0. 0. 0. 
  END HYDR-CPREC 
  HYDR-CEVAP
*** RCHRES  Category Fractions and Priorities for Evaporation
*** x - x   c pr  frac   c pr  frac   c pr  frac   c pr  frac   c pr  frac
 1 4 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
  END HYDR-CEVAP
  HYDR-CFVOL
*** RCHRES  Category Fractions and Priorities for F(VOL) Outflow
*** x - x   c x pr  frac   c x pr  frac   c x pr  frac   c x pr  frac
 1 4 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
  END HYDR-CFVOL
  ADCALC-DATA 
*** RCHRES  Data for section ADCALC
*** x - x CRRAT       VOL (ac-ft)
 1 4 1.7 0. 
  END ADCALC-DATA 
  HT-BED-FLAGS
*** RCHRES Bed Heat Conductance Flags
*** x -  x BDFG TGFG TSTP
 1 4 0 2 55 
  END HT-BED-FLAGS 
  HEAT-PARM
*** RCHRES      ELEV     ELDAT    CFSAEX    KATRAD     KCOND  KEVAP
*** x - x      (ft)      (ft)
 1 269. 173.6 0.8 9.37 6.12 2.24 
2 216.5 121.1 0.8 9.37 6.12 2.24 
4 75. -20.4  0.8 9.37 6.12 2.24 
  END HEAT-PARM 
  HT-BED-PARM
*** Bed Heat Conduction Parameters for Single and Two-layer Methods
*** RCHRES    MUDDEP     TGRND  KMUD KGRND 
*** x - x      (ft)   (deg F)      (kcal/m2/C/hr)
 1 4 0.33 59. 50. 1.4 
  END HT-BED-PARM 
  MON-HT-TGRND 
*** RCHRES  Monthly values of ground temperatures (deg F)




















 1 4 59. 59. 59. 59. 59. 59. 59. 59. 59. 59. 59. 59. 
  END MON-HT-TGRND 
  HT-BED-DELH
*** Heat fluxes for Jobson bed conductance method (BTU/ft2.F.ivl)
*** DELH      DELH      DELH      DELH      DELH      DELH      DELH
***RC HRES  1 2 3 4 5 6 7 
*** x  - x  8  9        10        11        12        13      etc.
 1 4 0. 0. 0. 0. 0. 0. 0. 
1 4 0. 0. 0. 0. 0. 0. 0. 
1 4 0. 0. 0. 0. 0. 0. 0. 
1 4 0. 0. 0. 0. 0. 0. 0. 
1 4 0. 0. 0. 0. 0. 0. 0. 
1 4 0. 0. 0. 0. 0. 0. 0. 
1 4 0. 0. 0. 0. 0. 0. 0. 
1 4 0. 0. 0. 0. 0. 0. 0. 
1 4 0. 0. 0. 0. 0. 0. 0. 
1 4 0. 0. 0. 0. 0. 0. 0. 
1 4 0. 0. 0. 0. 0. 0. 0. 
1 4 0. 0. 0. 0. 0. 0. 0. 
1 4 0. 0. 0. 0. 0. 0. 0. 
1 4 0. 0. 0. 0. 0. 0. 0. 
1 4 0. 0. 
  END HT-BED-DELH 
  HT-BED-DELTT
*** Initial temp differences for Jobson bed conductance method (deg F) 
*** DELTT     DELTT     DELTT     DELTT     DELTT     DELTT     DELTT
***RC HRES  1 2 3 4 5 6 7 
*** x  - x  8  9        10        11        12        13      etc.
 1 4 0. 0. 0. 0. 0. 0. 0. 
1 4 0. 0. 0. 0. 0. 0. 0. 
1 4 0. 0. 0. 0. 0. 0. 0. 
1 4 0. 0. 0. 0. 0. 0. 0. 
1 4 0. 0. 0. 0. 0. 0. 0. 
1 4 0. 0. 0. 0. 0. 0. 0. 
1 4 0. 0. 0. 0. 0. 0. 0. 
1 4 0. 0. 0. 0. 0. 0. 0. 
1 4 0. 0. 0. 0. 0. 0. 0. 
1 4 0. 0. 0. 0. 0. 0. 0. 
1 4 0. 0. 0. 0. 0. 0. 0. 
1 4 0. 0. 0. 0. 0. 0. 0. 
1 4 0. 0. 0. 0. 0. 0. 0. 
1 4 0. 0. 0. 0. 0. 0. 0. 
1 4 0. 0. 
  END HT-BED-DELTT
  HEAT-INIT
*** RCHRES        TW    AIRTMP
*** x - x   (deg F)   (deg F)
 1 2 43.6 50. 
4 44.1 50. 









































  SANDFG 
*** RCHRES
*** x -  x SNDFG
 1 4 1 
  END SANDFG 
  SED-GENPARM 
*** RCHRES    BEDWID    BEDWRN       POR
*** x - x      (ft)      (ft)
 1 15.2 10. 0.47 
2 26.1 10. 0.44 
4 22.8 10. 0.49 
  END SED-GENPARM 
  SED-HYDPARM 
*** RCHRES       LEN     DELTH      DB50
*** x - x   (miles)      (ft)      (in)
 1 4 -999.  0. 0.01 
  END SED-HYDPARM 
  SAND-PM
*** RCHRES  D  W       RHO     KSAND    EXPSND
*** x - x      (in)  (in/sec)  (gm/cm3)
 1 4 0.01 2. 2.65 1.5 1.2 
  END SAND-PM
  SILT-CLAY-PM
*** RCHRES  D  W       RHO     TAUCD     TAUCS  M
*** x - x      (in)  (in/sec)    gm/cm3    lb/ft2    lb/ft2  lb/ft2.d
 1 4 0.0006 0. 2.210000000001000000000 0. 
  END SILT-CLAY-PM
  SILT-CLAY-PM
*** RCHRES  D  W       RHO     TAUCD     TAUCS  M
*** x - x      (in)  (in/sec)    gm/cm3    lb/ft2    lb/ft2  lb/ft2.d
 1 4 0.0001 0. 2.10000000001000000000 0. 
  END SILT-CLAY-PM
  SSED-INIT
*** RCHRES     Suspended sed concs (mg/l)
*** x - x      Sand      Silt  Clay
 1 4 9.7 10.8 7.6 
  END SSED-INIT
  BED-INIT
*** RCHRES    BEDDEP  Initial bed composition
*** x - x      (ft)      Sand      Silt  Clay
 1 4 5. 0.7 0.15 0.15 
  END BED-INIT
  GQ-GENDATA
*** RCHRES NGQL TPFG PHFG ROFG CDFG SDFG PYFG  LAT
*** x - x                                     deg




































  END GQ-GENDATA
  GQ-QALDATA
*** RCHRES                GQID      DQAL    CONCID      CONV  QTYID 
*** x - x                        concid
 1 4COLIFORM  19. # 0.0035 # 
  END GQ-QALDATA
  GQ-QALFG 
*** RCHRES HDRL OXID PHOT VOLT BIOD  GEN SDAS
*** x - x
 1 4 0 0 0 0 0 1 0 
  END GQ-QALFG 
  GQ-FLG2
*** RCHRES HDRL OXID PHOT VOLT BIOD  GEN SBMS
*** x - x
 1 4 0 0 0 0 0 0 2 
  END GQ-FLG2
  GQ-HYDPM 
*** RCHRES        KA        KB        KN     THHYD 
*** x - x    /M-sec    /M-sec      /sec
 1 4 -999.  -999.  -999.  1. 
  END GQ-HYDPM 
  GQ-GENDECAY 
*** RCHRES    FSTDEC     THFST
*** x - x    (/day)
 1 4 0.6 1.07 
  END GQ-GENDECAY 
  MON-ROXYGEN 
*** RCHRES  Monthly values of free radical oxygen (mole/l)
*** x - x  OX1  OX2  OX3  OX4  OX5  OX6  OX7  OX8  OX9 OX10 OX11 OX12
 1 4 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
  END MON-ROXYGEN 
  MON-PHYTO 
*** RCHRES   Values of phytoplankton concentration (mg/l)
*** x - x   P1   P2   P3   P4   P5   P6   P7   P8   P9  P10  P11  P12
 1 4 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 
  END MON-PHYTO 
  BENTH-FLAG
*** RCHRES  Benthic release flag
*** x -  x BENF
 1 4 1 
  END BENTH-FLAG
  SCOUR-PARMS 
*** RCHRES    SCRVEL    SCRMUL
*** x - x    ft/sec






























  END SCOUR-PARMS 
  OX-FLAGS 
*** RCHRES Oxygen flags
*** x -  x REAM
 1 4 1 
  END OX-FLAGS 
  OX-GENPARM 
*** RCHRES    KBOD20     TCBOD KODSET    SUPSAT
*** x - x       /hr               ft/hr
 1 4 0.05 1.075 0. 1.15 
  END OX-GENPARM 
  ELEV 
*** RCHRES      ELEV
*** x - x      (ft)
 1 269. 
2 216.5 
4 75. 
  END ELEV 
  OX-BENPARM 
*** RCHRES     BENOD  TCBEN  EXPOD  BRBOD(1)  BRBOD(2)   EXPREL
*** x - x  mg/m2.hr                      mg/m2.hr  mg/m2.hr
 1 4 62.5 1.074 1.22 72. 100. 2.82 
  END OX-BENPARM 
  OX-CFOREA
*** RCHRES  Reaeration correction coefficient 
*** x - x    CFOREA
 1 4 1. 
  END OX-CFOREA
  OX-TSIVOGLOU 
*** RCHRES     REAKT    TCGINV
*** x - x       /ft
 1 4 0.054 1.047 
  END OX-TSIVOGLOU 
  OX-LEN-DELTH 
*** RCHRES       LEN     DELTH
*** x - x     miles      (ft)
 1 28.18 266. 
2 9.9 154. 
4 31.94 125. 
  END OX-LEN-DELTH 
  OX-TCGINV 
*** RCHRES  Temperature correction coef
*** x - x    TCGINV
 1 4 1.047 








































*** RCHRES    TCGINV      REAK    EXPRED    EXPREV
*** x - x                 /hr
 1 4 1.047 -999.  0. 0. 
  END OX-REAPARM 
  OX-INIT
*** RCHRES DOX BOD  SATDO 
*** x - x      mg/l      mg/l      mg/l
 1 4 10.6 1. 10. 
  END OX-INIT
  NUT-FLAGS 
*** RCHRES  Nutrient flags
*** x - x  NH3  NO2  PO4  AMV  DEN ADNH ADPO PHFL
 1 4 1 0 1 1 1 1 1 2 
  END NUT-FLAGS 
  NUT-AD-FLAGS 
*** Atmospheric Deposition Flags 
*** RCHRES  NO3    NH3    PO4
*** x -  x <F><C> <F><C> <F><C>
 1 4 2 21 0 49 0 0 
  END NUT-AD-FLAGS 
  CONV-VAL1
*** RCHRES      CVBO     CVBPC     CVBPN    BPCNTC
*** x - x     mg/mg  mols/mol  mols/mol
 1 4 1.98 103. 16. 40. 
  END CONV-VAL1
  NUT-BENPARM 
*** RCHRES  BRNIT(1)  BRNIT(2)  BRPO4(1)  BRPO4(2)     ANAER
*** x - x  mg/m2.hr  mg/m2.hr  mg/m2.hr  mg/m2.hr      mg/l
 1 4 0. 0. 0. 0. 0.005 
  END NUT-BENPARM 
  NUT-NITDENIT
*** RCHRES    KTAM20 KNO220 TCNIT  KNO320 TCDEN  DENOXT
*** x - x       /hr       /hr                 /hr                mg/l
 1 4 0.1 0.25 1.047 0.1 1.047 2. 
  END NUT-NITDENIT
  NUT-NH3VOLAT
*** RCHRES    EXPNVG  EXPNVL
*** x - x
 1 4 0.5 0.6667 
  END NUT-NH3VOLAT
  NUT-BEDCONC 
*** RCHRES       Bed concentrations of NH4 & PO4 (mg/kg)
*** x - x  NH4-sand  NH4-silt  NH4-clay  PO4-sand  PO4-silt  PO4-clay
 1 4 40. 100. 100. 100. 250. 250. 





































  NUT-ADSPARM 
*** RCHRES       Partition coefficients for NH4 AND PO4  (ml/g) 
*** x - x  NH4-sand  NH4-silt  NH4-clay  PO4-sand  PO4-silt  PO4-clay
 1 4 50. 300. 300. 100. 1000. 1000. 
  END NUT-ADSPARM 
  NUT-DINIT
*** RCHRES       NO3       TAM       NO2       PO4
*** x - x      mg/l      mg/l      mg/l      mg/l
 1 4 0.08 0.02 0. 0.01 6. 
  END NUT-DINIT
  NUT-ADSINIT
*** RCHRES        Initial suspended NH4 and PO4 concentrations (mg/kg)
*** x - x  NH4-sand  NH4-silt  NH4-clay  PO4-sand  PO4-silt  PO4-clay
 1 4 0. 0. 0. 0. 0. 0. 
  END NUT-ADSINIT
  MON-PHVAL
*** RCHRES  Monthly values of pH
*** x - x  PH1  PH2  PH3  PH4  PH5  PH6  PH7  PH8  PH9 PH10 PH11 PH12
 1 4 5.9 5.7 5.6 5.7 6. 5.8 6. 6.3 6.2 6.1 6.2 5.5 
  END MON-PHVAL
  PLNK-FLAGS 
*** RCHRES Plankton flags
*** x -  x PHYF ZOOF BALF SDLT AMRF DECF NSFG ZFOO
 1 4 1 0 1 1 1 1 1 2 
  END PLNK-FLAGS 
  PLNK-AD-FLAG 
*** Atmospheric Deposition Flags 
*** RCHRES   ORN    ORP    ORC
*** x -  x <F><C> <F><C> <F><C>
 1 4 0 69 0 0 0 0 
  END PLNK-AD-FLAG 
  SURF-EXPOSED 
*** RCHRES  Correction factor for solar radiation data
*** x - x    CFSAEX
 1 4 0.8 
  END SURF-EXPOSED 
  PLNK-PARM1 
*** RCHRES    RATCLP NONREF LITSED  ALNPR  EXTB     MALGR 
*** x - x                       l/mg.ft                 /ft       /hr
 1 4 0.6 0.5 0. 1. 0.2 0.3 
  END PLNK-PARM1
  PLNK-PARM2 
***RC HRES  CMMLT      CMMN  CMMNP      CMMP    TALGRH    TALGRL    TALGRM
*** x  - x    ly/min      mg/l      mg/l      mg/l     deg F     deg F     deg F






























  END PLNK-PARM2
  PLNK-PARM3 
*** RCHRES     ALR20      ALDH      ALDL     OXALD     NALDH     PALDH
*** x - x       /hr       /hr       /hr       /hr      mg/l      mg/l
 1 4 0.004 0.01 0.001 0.03 0. 0. 
  END PLNK-PARM3
  PHYTO-PARM 
*** RCHRES      SEED    MXSTAY      OREF    CLALDH    PHYSET    REFSET
*** x - x      mg/l      mg/l     ft3/s      ug/l     ft/hr     ft/hr
 1 4 0. 0. 0.0001 50. 0.014 0.1 
  END PHYTO-PARM 
  ZOO-PARM1
*** RCHRES    MZOEAT    ZFIL20    ZRES20        ZD      OXZD
*** x - x  mg/l.hr l/mgzoo.hr       /hr       /hr       /hr
 1 4 0.055 -999.  0.0015 0.0001 0.03 
  END ZOO-PARM1
  BENAL-PARM
*** RCHRES      MBAL    CFBALR    CFBALG
*** x - x     mg/m2
 1 4 600. 1. 1. 
  END BENAL-PARM 
  PLNK-INIT
*** RCHRES     PHYTO       ZOO     BENAL       ORN       ORP       ORC
*** x - x      mg/l     org/l     mg/m2      mg/l      mg/l      mg/l
 1 4 0. 0.03 0. 0. 0. 0. 
  END PLNK-INIT
END RCHRES 
FTABLES 
  FTABLE  1 
 rows cols  *** 
8 4 
     depth      area    volume  outflow1 *** 
0. 634.25 0. 0. 
1.47 644.32 942.22 446.14 
14.74 734.93 10089.96 20582.09 
18.42 885.97 12844.29 29868.6 
23.03 2292.9 23260.13 39551.14 
27.64 2355.83 33965.83 72891.45 
474.4 8460.04 2450047.5 37304484. 
921.17 14564.24 7593278.5170014272. 
  END FTABLE  1 
  FTABLE  2 
 rows cols  *** 
8 4 
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 0. 127.58 0. 0. 
0.99 129.95 127.21 168.38 
9.88 151.28 1377.47 7772.03 
12.35 186.83 1758.43 11287.26 
15.44 474.58 3200.73 15120.54 
18.52 489.39 4688.75 27942.44 
317.99 1926.26 366393.91 15379989. 
617.46 3363.131158395.63 71834808. 
  END FTABLE  2 
  FTABLE  4 
 rows cols  *** 
8 4 
     depth      area    volume  outflow1 *** 
0. 1094.96 0. 0. 
2. 1110.42 2202.07 725.04 
19.97 1249.58 23410.18 33444.88 
24.96 1481.51 29745.15 48515.1 
31.2 3884.04 53682.54 63742.61 
37.44 3980.68 78223.02 117265.06 
642.78 13354.58 5325071. 57015596. 
1248.12 22728.48 16246300.254930592. 
  END FTABLE  4 
END FTABLES 
EXT SOURCES 
<-Volume-> <Member> SsysSgap<--Mult-->Tran <-Target vols> <-Grp> <-Member-> *** 
<Name>   x <Name> x tem strg<-factor->strg <Name>  x  x        <Name> x x *** 
*** Met Seg MS227128 
WDM2  271 PREC     ENGL              SAME PERLND 101 413 EXTNL  PREC
WDM2  273 ATEM  ENGL              SAME PERLND 101 413 EXTNL  GATMP  
WDM2  277 DEWP  ENGL              SAME PERLND 101 413 EXTNL  DTMPG
WDM2  274 WIND     ENGL              SAME PERLND 101 413 EXTNL  WINMOV
WDM2  275 SOLR     ENGL              SAME PERLND 101 413 EXTNL  SOLRAD
WDM2  276 PEVT     ENGL              SAME PERLND 101 413 EXTNL  PETINP
*** Met Seg MS227128 
WDM2  271 PREC     ENGL              SAME IMPLND 101 402 EXTNL  PREC
WDM2  273 ATEM  ENGL              SAME IMPLND 101 402 EXTNL  GATMP  
WDM2  277 DEWP  ENGL              SAME IMPLND 101 402 EXTNL  DTMPG
WDM2  274 WIND     ENGL              SAME IMPLND 101 402 EXTNL  WINMOV
WDM2  275 SOLR     ENGL              SAME IMPLND 101 402 EXTNL  SOLRAD
WDM2  276 PEVT     ENGL              SAME IMPLND 101 402 EXTNL  PETINP
*** Met Seg MS227128 
WDM2  271 PREC     ENGL              SAME RCHRES  1 4 EXTNL  PREC
WDM2  273 ATEM  ENGL              SAME RCHRES  1 4 EXTNL  GATMP  
WDM2  277 DEWP  ENGL              SAME RCHRES  1 4 EXTNL  DEWTMP 
WDM2  274 WIND     ENGL              SAME RCHRES  1 4 EXTNL  WIND
WDM2  275 SOLR     ENGL              SAME RCHRES  1 4 EXTNL  SOLRAD
WDM2 278 CLOU  ENGL              SAME RCHRES  1 4 EXTNL  CLOUD  
WDM2  272 EVAP     ENGL              SAME RCHRES  1 4 EXTNL  POTEV
WDM  7001 FLOW     ENGL        0.0826SAME RCHRES  1 INFLOW IVOL
WDM  7004 FLOW     ENGL        0.0826SAME RCHRES  1 INFLOW IVOL
WDM  7007 CNH3     ENGL              DIV  RCHRES  1 INFLOW NUIF1  2 
 
 
   
   
   
   





WDM  7010 CNH3     ENGL              DIV  RCHRES  1 INFLOW NUIF1  2 
WDM  7011 CORG     ENGL              DIV  RCHRES  1 INFLOW PKIF  3 
WDM  7012 ORTH     ENGL              DIV  RCHRES  1 INFLOW NUIF1  4 
WDM  7013 CORG     ENGL              DIV  RCHRES  1 INFLOW PKIF  3 
WDM  7016 CORG     ENGL              DIV  RCHRES  1 INFLOW PKIF  4 
WDM  7017 0031 ENGL              DIV  RCHRES  1 INFLOW OXIF  2 
WDM  7019 ORTH     ENGL              DIV  RCHRES  1 INFLOW NUIF1  4 
WDM  7025 CORG     ENGL              DIV  RCHRES  1 INFLOW PKIF  4 
WDM  7031 0031 ENGL              DIV  RCHRES  1 INFLOW OXIF  2 
WDM  7037 FECA     ENGL              DIV  RCHRES  1 INFLOW IDQAL  1 
WDM  7040 FECA     ENGL              DIV  RCHRES  1 INFLOW IDQAL  1 
WDM  7043 FLOW     ENGL        0.0826SAME RCHRES  1 INFLOW IVOL
WDM  7044 CNH3     ENGL              DIV  RCHRES  1 INFLOW NUIF1  2 
WDM  7045 CORG     ENGL              DIV  RCHRES  1 INFLOW PKIF  3 
WDM  7047 CORG     ENGL              DIV  RCHRES  1 INFLOW PKIF  4 
WDM  7048 BOD      ENGL              DIV  RCHRES  1 INFLOW OXIF  2 
WDM  7049 ORTH     ENGL              DIV  RCHRES  1 INFLOW NUIF1  4 
WDM  7002 FLOW     ENGL        0.0826SAME RCHRES  2 INFLOW IVOL
WDM  7005 FLOW     ENGL        0.0826SAME RCHRES  2 INFLOW IVOL
WDM  7008 CNH3     ENGL              DIV  RCHRES  2 INFLOW NUIF1  2 
WDM  7014 CORG     ENGL              DIV  RCHRES  2 INFLOW PKIF  3 
WDM  7018 CNH3     ENGL              DIV  RCHRES  2 INFLOW NUIF1  2 
WDM  7020 ORTH     ENGL              DIV  RCHRES  2 INFLOW NUIF1  4 
WDM  7022 CORG     ENGL              DIV  RCHRES  2 INFLOW PKIF  3 
WDM  7023 ORTH     ENGL              DIV  RCHRES  2 INFLOW NUIF1  4 
WDM  7024 CORG     ENGL              DIV  RCHRES  2 INFLOW PKIF  4 
WDM  7026 CORG     ENGL              DIV  RCHRES  2 INFLOW PKIF  4 
WDM  7028 0031 ENGL              DIV  RCHRES  2 INFLOW OXIF  2 
WDM  7032 0031 ENGL              DIV  RCHRES  2 INFLOW OXIF  2 
WDM  7038 FECA     ENGL              DIV  RCHRES  2 INFLOW IDQAL  1 
WDM  7041 FECA     ENGL              DIV  RCHRES  2 INFLOW IDQAL  1 
WDM  7003 FLOW     ENGL        0.0826SAME RCHRES  4 INFLOW IVOL
WDM  7006 FLOW     ENGL        0.0826SAME RCHRES  4 INFLOW IVOL
WDM  7009 CNH3     ENGL              DIV  RCHRES  4 INFLOW NUIF1  2 
WDM  7015 CORG     ENGL              DIV  RCHRES  4 INFLOW PKIF  3 
WDM  7021 ORTH     ENGL              DIV  RCHRES  4 INFLOW NUIF1  4 
WDM  7027 CORG     ENGL              DIV  RCHRES  4 INFLOW PKIF  4 
WDM  7029 CNH3     ENGL              DIV  RCHRES  4 INFLOW NUIF1  2 
WDM  7030 CORG     ENGL              DIV  RCHRES  4 INFLOW PKIF  3 
WDM  7033 0031 ENGL              DIV  RCHRES  4 INFLOW OXIF  2 
WDM  7034 ORTH     ENGL              DIV  RCHRES  4 INFLOW NUIF1  4 
WDM  7035 CORG     ENGL              DIV  RCHRES  4 INFLOW PKIF  4 
WDM  7036 0031 ENGL              DIV  RCHRES  4 INFLOW OXIF  2 
WDM  7039 FECA     ENGL              DIV  RCHRES  4 INFLOW IDQAL  1 
WDM  7042 FECA     ENGL              DIV  RCHRES  4 INFLOW IDQAL  1 
END EXT SOURCES 
SCHEMATIC 
<-Volume->                  <--Area-->     <-Volume->  <ML#> *** <sb>
<Name>  x                  <-factor->     <Name>  x  *** x x
PERLND 101  272 RCHRES  1 4 
IMPLND 101  272 RCHRES  1 1 
PERLND 103  45844 RCHRES  1 4 





























PERLND 105  1214 RCHRES  1 2 
PERLND 106  300 RCHRES  1 2 
PERLND 107  9913 RCHRES  1 4 
PERLND 108  15350 RCHRES  1 4 
PERLND 112  4244 RCHRES  1 4 
PERLND 113  56 RCHRES  1 2 
PERLND 203  9947 RCHRES  2 4 
PERLND 204  56 RCHRES  2 2 
PERLND 205  641 RCHRES  2 2 
PERLND 206  160 RCHRES  2 2 
PERLND 207  2301 RCHRES  2 4 
PERLND 208  5186 RCHRES  2 4 
PERLND 212  1103 RCHRES  2 4 
PERLND 213  31 RCHRES  2 2 
PERLND 402  30 RCHRES  4 4 
IMPLND 402  30 RCHRES  4 1 
PERLND 403  72552 RCHRES  4 4 
PERLND 404  82 RCHRES  4 2 
PERLND 405  2169 RCHRES  4 2 
PERLND 406  233 RCHRES  4 2 
PERLND 407  9645 RCHRES  4 4 
PERLND 408  28787 RCHRES  4 4 
PERLND 412  8589 RCHRES  4 4 
RCHRES  1 RCHRES  4 3 
RCHRES  2 RCHRES  4 3 
PERLND 413  107 RCHRES  4 2 
END SCHEMATIC 
EXT TARGETS
<-Volume-> <-Grp> <-Member-><--Mult-->Tran <-Volume-> <Member> Tsys Aggr Amd *** 
<Name>  x        <Name> x x<-factor->strg <Name>   x <Name>qf  tem strg strg*** 
PERLND 101 PWTGAS POHT  1 1 AVER WDM1  1043 POHT   1 ENGL AGGR REPL
PERLND 101 PWATER PERO  1 1 AVER WDM1  1517 PERO   1 ENGL AGGR REPL
PERLND 101 PWATER SURO  1 1 AVER WDM1  1518 SURO   1 ENGL AGGR REPL
PERLND 101 PWATER IFWO  1 1 AVER WDM1  1519 IFWO   1 ENGL AGGR REPL
PERLND 101 PWATER AGWO  1 1 AVER WDM1  1520 AGWO   1 ENGL AGGR REPL
PERLND 103 PWTGAS POHT  1 1 AVER WDM1  1044 POHT   1 ENGL AGGR REPL
PERLND 104 PWTGAS POHT  1 1 AVER WDM1  1045 POHT   1 ENGL AGGR REPL
PERLND 104 PWTGAS SOTMP  1 1 AVER WDM1  1051 SOTMP  1 ENGL AGGR REPL
PERLND 104 PWTGAS IOTMP  1 1 AVER WDM1  1052 IOTMP  1 ENGL AGGR REPL
PERLND 104 PWTGAS AOTMP  1 1 AVER WDM1  1053 AOTMP  1 ENGL AGGR REPL
PERLND 104 PWTGAS SOHT  1 1 AVER WDM1  1054 SOHT   1 ENGL AGGR REPL
PERLND 104 PWTGAS IOHT  1 1 AVER WDM1  1055 IOHT   1 ENGL AGGR REPL
PERLND 104 PWTGAS AOHT  1 1 AVER WDM1  1056 AOHT   1 ENGL AGGR REPL
PERLND 104 PWTGAS PODOXM 1 1  AVER WDM1  1057 PODOXM 1 ENGL AGGR REPL
PERLND 104 NITR   SN  1 1 AVER WDM1  1058 SN     1 ENGL AGGR REPL
PERLND 104 NITR   SN  2 1 AVER WDM1  1059 SN     1 ENGL AGGR REPL
PERLND 104 NITR   SN  3 1 AVER WDM1  1060 SN     1 ENGL AGGR REPL
PERLND 104 NITR   SN  4 1 AVER WDM1  1061 SN     1 ENGL AGGR REPL
PERLND 104 NITR   UN  1 1 AVER WDM1  1062 UN     1 ENGL AGGR REPL
PERLND 104 NITR   UN  2 1 AVER WDM1  1063 UN     1 ENGL AGGR REPL
PERLND 104 NITR   UN  3 1 AVER WDM1  1064 UN     1 ENGL AGGR REPL
PERLND 104 NITR   UN  4 1 AVER WDM1  1065 UN     1 ENGL AGGR REPL


























































PERLND 104 NITR   LN  2 1 AVER WDM1  1067 LN     1 ENGL AGGR REPL
PERLND 104 NITR   LN  3 1 AVER WDM1  1068 LN     1 ENGL AGGR REPL
PERLND 104 NITR   LN  4 1 AVER WDM1  1069 LN     1 ENGL AGGR REPL
PERLND 104 NITR   AN  1 1 AVER WDM1  1070 AN     1 ENGL AGGR REPL
PERLND 104 NITR   AN  2 1 AVER WDM1  1071 AN     1 ENGL AGGR REPL
PERLND 104 NITR   AN  3 1 AVER WDM1  1072 AN     1 ENGL AGGR REPL
PERLND 104 NITR   AN  4 1 AVER WDM1  1073 AN     1 ENGL AGGR REPL
PERLND 104 NITR   SOSEDN 1 1  AVER WDM1  1188 SOSEDN 1 ENGL AGGR REPL
PERLND 104 NITR   PONO3  1 1 AVER WDM1  1189 PONO3  1 ENGL AGGR REPL
PERLND 104 NITR   PONH4  1 1 AVER WDM1  1190 PONH4  1 ENGL AGGR REPL
PERLND 104 NITR   POORN  1 1 AVER WDM1  1191 POORN  1 ENGL AGGR REPL
PERLND 104 NITR   PONITR 1 1  AVER WDM1  1192 PONITR 1 ENGL AGGR REPL
PERLND 104 PHOS   SP  1 1 AVER WDM1  1228 SP     1 ENGL AGGR REPL
PERLND 104 PHOS   SP  2 1 AVER WDM1  1229 SP     1 ENGL AGGR REPL
PERLND 104 PHOS   SP  3 1 AVER WDM1  1230 SP     1 ENGL AGGR REPL
PERLND 104 PHOS   SP  4 1 AVER WDM1  1231 SP     1 ENGL AGGR REPL
PERLND 104 PHOS   UP  1 1 AVER WDM1  1232 UP     1 ENGL AGGR REPL
PERLND 104 PHOS   UP  2 1 AVER WDM1  1233 UP     1 ENGL AGGR REPL
PERLND 104 PHOS   UP  3 1 AVER WDM1  1234 UP     1 ENGL AGGR REPL
PERLND 104 PHOS   UP  4 1 AVER WDM1  1235 UP     1 ENGL AGGR REPL
PERLND 104 PHOS   LP  1 1 AVER WDM1  1236 LP     1 ENGL AGGR REPL
PERLND 104 PHOS   LP  2 1 AVER WDM1  1237 LP     1 ENGL AGGR REPL
PERLND 104 PHOS   LP  3 1 AVER WDM1  1238 LP     1 ENGL AGGR REPL
PERLND 104 PHOS   LP  4 1 AVER WDM1  1239 LP     1 ENGL AGGR REPL
PERLND 104 PHOS   AP  1 1 AVER WDM1  1240 AP     1 ENGL AGGR REPL
PERLND 104 PHOS   AP  2 1 AVER WDM1  1241 AP     1 ENGL AGGR REPL
PERLND 104 PHOS   AP  3 1 AVER WDM1  1242 AP     1 ENGL AGGR REPL
PERLND 104 PHOS   AP  4 1 AVER WDM1  1243 AP     1 ENGL AGGR REPL
PERLND 104 PHOS   TP  1 1 AVER WDM1  1244 TP     1 ENGL AGGR REPL
PERLND 104 PHOS   TP  2 1 AVER WDM1  1245 TP     1 ENGL AGGR REPL
PERLND 104 PHOS   TP  3 1 AVER WDM1  1246 TP     1 ENGL AGGR REPL
PERLND 104 PHOS   TP  4 1 AVER WDM1  1247 TP     1 ENGL AGGR REPL
PERLND 104 PHOS   SOSEDP 1 1  AVER WDM1  1248 SOSEDP 1 ENGL AGGR REPL
PERLND 104 PHOS   SEDP  1 1 AVER WDM1  1249 SEDP   1 ENGL AGGR REPL
PERLND 104 PHOS   SEDP  2 1 AVER WDM1  1250 SEDP   1 ENGL AGGR REPL
PERLND 104 PHOS   POPHOS 1 1  AVER WDM1  1251 POPHOS 1 ENGL AGGR REPL
PERLND 104 PWATER SURO  1 1 AVER WDM1  1499 SURO   1 ENGL AGGR REPL
PERLND 105 PWTGAS POHT  1 1 AVER WDM1  1046 POHT   1 ENGL AGGR REPL
PERLND 105 NITR   SN  1 1 AVER WDM1  1074 SN     1 ENGL AGGR REPL
PERLND 105 NITR   SN  2 1 AVER WDM1  1075 SN     1 ENGL AGGR REPL
PERLND 105 NITR   SN  3 1 AVER WDM1  1076 SN     1 ENGL AGGR REPL
PERLND 105 NITR   SN  4 1 AVER WDM1  1077 SN     1 ENGL AGGR REPL
PERLND 105 NITR   UN  1 1 AVER WDM1  1078 UN     1 ENGL AGGR REPL
PERLND 105 NITR   UN  2 1 AVER WDM1  1079 UN     1 ENGL AGGR REPL
PERLND 105 NITR   UN  3 1 AVER WDM1  1080 UN     1 ENGL AGGR REPL
PERLND 105 NITR   UN  4 1 AVER WDM1  1081 UN     1 ENGL AGGR REPL
PERLND 105 NITR   LN  1 1 AVER WDM1  1082 LN     1 ENGL AGGR REPL
PERLND 105 NITR   LN  2 1 AVER WDM1  1083 LN     1 ENGL AGGR REPL
PERLND 105 NITR   LN  3 1 AVER WDM1  1084 LN     1 ENGL AGGR REPL
PERLND 105 NITR   LN  4 1 AVER WDM1  1085 LN     1 ENGL AGGR REPL
PERLND 105 NITR   AN  1 1 AVER WDM1  1086 AN     1 ENGL AGGR REPL
PERLND 105 NITR   AN  2 1 AVER WDM1  1087 AN     1 ENGL AGGR REPL
PERLND 105 NITR   AN  3 1 AVER WDM1  1088 AN     1 ENGL AGGR REPL


























































PERLND 105 NITR   SOSEDN 1 1  AVER WDM1  1193 SOSEDN 1 ENGL AGGR REPL
PERLND 105 NITR   PONO3  1 1 AVER WDM1  1194 PONO3  1 ENGL AGGR REPL
PERLND 105 NITR   PONH4  1 1 AVER WDM1  1195 PONH4  1 ENGL AGGR REPL
PERLND 105 NITR   POORN  1 1 AVER WDM1  1196 POORN  1 ENGL AGGR REPL
PERLND 105 NITR   PONITR 1 1  AVER WDM1  1197 PONITR 1 ENGL AGGR REPL
PERLND 105 PHOS   SP  1 1 AVER WDM1  1252 SP     1 ENGL AGGR REPL
PERLND 105 PHOS   SP  2 1 AVER WDM1  1253 SP     1 ENGL AGGR REPL
PERLND 105 PHOS   SP  3 1 AVER WDM1  1254 SP     1 ENGL AGGR REPL
PERLND 105 PHOS   SP  4 1 AVER WDM1  1255 SP     1 ENGL AGGR REPL
PERLND 105 PHOS   UP  1 1 AVER WDM1  1256 UP     1 ENGL AGGR REPL
PERLND 105 PHOS   UP  2 1 AVER WDM1  1257 UP     1 ENGL AGGR REPL
PERLND 105 PHOS   UP  3 1 AVER WDM1  1258 UP     1 ENGL AGGR REPL
PERLND 105 PHOS   UP  4 1 AVER WDM1  1259 UP     1 ENGL AGGR REPL
PERLND 105 PHOS   LP  1 1 AVER WDM1  1260 LP     1 ENGL AGGR REPL
PERLND 105 PHOS   LP  2 1 AVER WDM1  1261 LP     1 ENGL AGGR REPL
PERLND 105 PHOS   LP  3 1 AVER WDM1  1262 LP     1 ENGL AGGR REPL
PERLND 105 PHOS   LP  4 1 AVER WDM1  1263 LP     1 ENGL AGGR REPL
PERLND 105 PHOS   AP  1 1 AVER WDM1  1264 AP     1 ENGL AGGR REPL
PERLND 105 PHOS   AP  2 1 AVER WDM1  1265 AP     1 ENGL AGGR REPL
PERLND 105 PHOS   AP  3 1 AVER WDM1  1266 AP     1 ENGL AGGR REPL
PERLND 105 PHOS   AP  4 1 AVER WDM1  1267 AP     1 ENGL AGGR REPL
PERLND 105 PHOS   TP  1 1 AVER WDM1  1268 TP     1 ENGL AGGR REPL
PERLND 105 PHOS   TP  2 1 AVER WDM1  1269 TP     1 ENGL AGGR REPL
PERLND 105 PHOS   TP  3 1 AVER WDM1  1270 TP     1 ENGL AGGR REPL
PERLND 105 PHOS   TP  4 1 AVER WDM1  1271 TP     1 ENGL AGGR REPL
PERLND 105 PHOS   SEDP  1 1 AVER WDM1  1272 SEDP   1 ENGL AGGR REPL
PERLND 105 PHOS   SEDP  2 1 AVER WDM1  1273 SEDP   1 ENGL AGGR REPL
PERLND 105 PHOS   SOSEDP 1 1  AVER WDM1  1274 SOSEDP 1 ENGL AGGR REPL
PERLND 105 PHOS   POPHOS 1 1  AVER WDM1  1275 POPHOS 1 ENGL AGGR REPL
PERLND 106 PWTGAS POHT  1 1 AVER WDM1  1047 POHT   1 ENGL AGGR REPL
PERLND 106 NITR   SN  1 1 AVER WDM1  1090 SN     1 ENGL AGGR REPL
PERLND 106 NITR   SN  2 1 AVER WDM1  1091 SN     1 ENGL AGGR REPL
PERLND 106 NITR   SN  3 1 AVER WDM1  1092 SN     1 ENGL AGGR REPL
PERLND 106 NITR   SN  4 1 AVER WDM1  1093 SN     1 ENGL AGGR REPL
PERLND 106 NITR   UN  1 1 AVER WDM1  1094 UN     1 ENGL AGGR REPL
PERLND 106 NITR   UN  2 1 AVER WDM1  1095 UN     1 ENGL AGGR REPL
PERLND 106 NITR   UN  3 1 AVER WDM1  1096 UN     1 ENGL AGGR REPL
PERLND 106 NITR   UN  4 1 AVER WDM1  1097 UN     1 ENGL AGGR REPL
PERLND 106 NITR   LN  1 1 AVER WDM1  1098 LN     1 ENGL AGGR REPL
PERLND 106 NITR   LN  2 1 AVER WDM1  1099 LN     1 ENGL AGGR REPL
PERLND 106 NITR   LN  3 1 AVER WDM1  1100 LN     1 ENGL AGGR REPL
PERLND 106 NITR   LN  4 1 AVER WDM1  1101 LN     1 ENGL AGGR REPL
PERLND 106 NITR   AN  1 1 AVER WDM1  1102 AN     1 ENGL AGGR REPL
PERLND 106 NITR   AN  2 1 AVER WDM1  1103 AN     1 ENGL AGGR REPL
PERLND 106 NITR   AN  3 1 AVER WDM1  1104 AN     1 ENGL AGGR REPL
PERLND 106 NITR   AN  4 1 AVER WDM1  1105 AN     1 ENGL AGGR REPL
PERLND 106 NITR   SOSEDN 1 1  AVER WDM1  1198 SOSEDN 1 ENGL AGGR REPL
PERLND 106 NITR   PONO3  1 1 AVER WDM1  1199 PONO3  1 ENGL AGGR REPL
PERLND 106 NITR   PONH4  1 1 AVER WDM1  1200 PONH4  1 ENGL AGGR REPL
PERLND 106 NITR   POORN  1 1 AVER WDM1  1201 POORN  1 ENGL AGGR REPL
PERLND 106 NITR   PONITR 1 1  AVER WDM1  1202 PONITR 1 ENGL AGGR REPL
PERLND 106 PHOS   SP  1 1 AVER WDM1  1276 SP     1 ENGL AGGR REPL
PERLND 106 PHOS   SP  2 1 AVER WDM1  1277 SP     1 ENGL AGGR REPL


























































PERLND 106 PHOS   SP  4 1 AVER WDM1  1279 SP     1 ENGL AGGR REPL
PERLND 106 PHOS   UP  1 1 AVER WDM1  1280 UP     1 ENGL AGGR REPL
PERLND 106 PHOS   UP  2 1 AVER WDM1  1281 UP     1 ENGL AGGR REPL
PERLND 106 PHOS   UP  3 1 AVER WDM1  1282 UP     1 ENGL AGGR REPL
PERLND 106 PHOS   UP  4 1 AVER WDM1  1283 UP     1 ENGL AGGR REPL
PERLND 106 PHOS   LP  1 1 AVER WDM1  1284 LP     1 ENGL AGGR REPL
PERLND 106 PHOS   LP  2 1 AVER WDM1  1285 LP     1 ENGL AGGR REPL
PERLND 106 PHOS   LP  3 1 AVER WDM1  1286 LP     1 ENGL AGGR REPL
PERLND 106 PHOS   LP  4 1 AVER WDM1  1287 LP     1 ENGL AGGR REPL
PERLND 106 PHOS   AP  1 1 AVER WDM1  1288 AP     1 ENGL AGGR REPL
PERLND 106 PHOS   AP  2 1 AVER WDM1  1289 AP     1 ENGL AGGR REPL
PERLND 106 PHOS   AP  3 1 AVER WDM1  1290 AP     1 ENGL AGGR REPL
PERLND 106 PHOS   AP  4 1 AVER WDM1  1291 AP     1 ENGL AGGR REPL
PERLND 106 PHOS   TP  1 1 AVER WDM1  1292 TP     1 ENGL AGGR REPL
PERLND 106 PHOS   TP  2 1 AVER WDM1  1293 TP     1 ENGL AGGR REPL
PERLND 106 PHOS   TP  3 1 AVER WDM1  1294 TP     1 ENGL AGGR REPL
PERLND 106 PHOS   TP  4 1 AVER WDM1  1295 TP     1 ENGL AGGR REPL
PERLND 106 PHOS   SOSEDP 1 1  AVER WDM1  1296 SOSEDP 1 ENGL AGGR REPL
PERLND 106 PHOS   POPHOS 1 1  AVER WDM1  1297 POPHOS 1 ENGL AGGR REPL
PERLND 106 PHOS   SEDP  1 1 AVER WDM1  1298 SEDP   1 ENGL AGGR REPL
PERLND 106 PHOS   SEDP  2 1 AVER WDM1  1299 SEDP   1 ENGL AGGR REPL
PERLND 107 PWTGAS POHT  1 1 AVER WDM1  1048 POHT   1 ENGL AGGR REPL
PERLND 108 PWTGAS POHT  1 1 AVER WDM1  1049 POHT   1 ENGL AGGR REPL
PERLND 112 PWATER SURO  1 1 AVER WDM1  1535 SURO   1 ENGL AGGR REPL
PERLND 113 PWTGAS POHT  1 1 AVER WDM1  1050 POHT   1 ENGL AGGR REPL
PERLND 113 NITR   SN  1 1 AVER WDM1  1106 SN     1 ENGL AGGR REPL
PERLND 113 NITR   SN  2 1 AVER WDM1  1107 SN     1 ENGL AGGR REPL
PERLND 113 NITR   SN  3 1 AVER WDM1  1108 SN     1 ENGL AGGR REPL
PERLND 113 NITR   SN  4 1 AVER WDM1  1109 SN     1 ENGL AGGR REPL
PERLND 113 NITR   UN  1 1 AVER WDM1  1110 UN     1 ENGL AGGR REPL
PERLND 113 NITR   UN  2 1 AVER WDM1  1111 UN     1 ENGL AGGR REPL
PERLND 113 NITR   UN  3 1 AVER WDM1  1112 UN     1 ENGL AGGR REPL
PERLND 113 NITR   UN  4 1 AVER WDM1  1113 UN     1 ENGL AGGR REPL
PERLND 113 NITR   LN  1 1 AVER WDM1  1114 LN     1 ENGL AGGR REPL
PERLND 113 NITR   LN  2 1 AVER WDM1  1115 LN     1 ENGL AGGR REPL
PERLND 113 NITR   LN  3 1 AVER WDM1  1116 LN     1 ENGL AGGR REPL
PERLND 113 NITR   LN  4 1 AVER WDM1  1117 LN     1 ENGL AGGR REPL
PERLND 113 NITR   AN  1 1 AVER WDM1  1118 AN     1 ENGL AGGR REPL
PERLND 113 NITR   AN  2 1 AVER WDM1  1119 AN     1 ENGL AGGR REPL
PERLND 113 NITR   AN  3 1 AVER WDM1  1120 AN     1 ENGL AGGR REPL
PERLND 113 NITR   AN  4 1 AVER WDM1  1121 AN     1 ENGL AGGR REPL
PERLND 113 NITR   SOSEDN 1 1  AVER WDM1  1203 SOSEDN 1 ENGL AGGR REPL
PERLND 113 NITR   PONO3  1 1 AVER WDM1  1204 PONO3  1 ENGL AGGR REPL
PERLND 113 NITR   PONH4  1 1 AVER WDM1  1205 PONH4  1 ENGL AGGR REPL
PERLND 113 NITR   POORN  1 1 AVER WDM1  1206 POORN  1 ENGL AGGR REPL
PERLND 113 NITR   PONITR 1 1  AVER WDM1  1207 PONITR 1 ENGL AGGR REPL
PERLND 113 PHOS   SP  1 1 AVER WDM1  1300 SP     1 ENGL AGGR REPL
PERLND 113 PHOS   SP  2 1 AVER WDM1  1301 SP     1 ENGL AGGR REPL
PERLND 113 PHOS   SP  3 1 AVER WDM1  1302 SP     1 ENGL AGGR REPL
PERLND 113 PHOS   SP  4 1 AVER WDM1  1303 SP     1 ENGL AGGR REPL
PERLND 113 PHOS   UP  1 1 AVER WDM1  1304 UP     1 ENGL AGGR REPL
PERLND 113 PHOS   UP  2 1 AVER WDM1  1305 UP     1 ENGL AGGR REPL
PERLND 113 PHOS   UP  3 1 AVER WDM1  1306 UP     1 ENGL AGGR REPL


























































PERLND 113 PHOS   LP  1 1 AVER WDM1  1308 LP     1 ENGL AGGR REPL
PERLND 113 PHOS   LP  2 1 AVER WDM1  1309 LP     1 ENGL AGGR REPL
PERLND 113 PHOS   LP  3 1 AVER WDM1  1310 LP     1 ENGL AGGR REPL
PERLND 113 PHOS   LP  4 1 AVER WDM1  1311 LP     1 ENGL AGGR REPL
PERLND 113 PHOS   AP  1 1 AVER WDM1  1312 AP     1 ENGL AGGR REPL
PERLND 113 PHOS   AP  2 1 AVER WDM1  1313 AP     1 ENGL AGGR REPL
PERLND 113 PHOS   AP  3 1 AVER WDM1  1314 AP     1 ENGL AGGR REPL
PERLND 113 PHOS   AP  4 1 AVER WDM1  1315 AP     1 ENGL AGGR REPL
PERLND 113 PHOS   TP  1 1 AVER WDM1  1316 TP     1 ENGL AGGR REPL
PERLND 113 PHOS   TP  2 1 AVER WDM1  1317 TP     1 ENGL AGGR REPL
PERLND 113 PHOS   TP  3 1 AVER WDM1  1318 TP     1 ENGL AGGR REPL
PERLND 113 PHOS   TP  4 1 AVER WDM1  1319 TP     1 ENGL AGGR REPL
PERLND 113 PHOS   SOSEDP 1 1  AVER WDM1  1320 SOSEDP 1 ENGL AGGR REPL
PERLND 113 PHOS   SEDP  1 1 AVER WDM1  1321 SEDP   1 ENGL AGGR REPL
PERLND 113 PHOS   SEDP  2 1 AVER WDM1  1322 SEDP   1 ENGL AGGR REPL
PERLND 204 NITR   SN  1 1 AVER WDM1  1122 SN     1 ENGL AGGR REPL
PERLND 204 NITR   SN  2 1 AVER WDM1  1123 SN     1 ENGL AGGR REPL
PERLND 402 PWATER SURO  1 1 AVER WDM1  1521 SURO   1 ENGL AGGR REPL
PERLND 402 PWATER IFWO  1 1 AVER WDM1  1522 IFWO   1 ENGL AGGR REPL
PERLND 402 PWATER AGWO  1 1 AVER WDM1  1523 AGWO   1 ENGL AGGR REPL
PERLND 402 PWATER PERO  1 1 AVER WDM1  1524 PERO   1 ENGL AGGR REPL
PERLND 402 PQUAL  POQUAL 5 1  AVER WDM1  1547 POQUAL 1 ENGL AGGR REPL
PERLND 402 PQUAL  SOQUAL 5 1  AVER WDM1  1548 SOQUAL 1 ENGL AGGR REPL
PERLND 403 PWATER SURO  1 1 AVER WDM1  1525 SURO   1 ENGL AGGR REPL
PERLND 403 PWATER IFWO  1 1 AVER WDM1  1526 IFWO   1 ENGL AGGR REPL
PERLND 403 PWATER AGWO  1 1 AVER WDM1  1527 AGWO   1 ENGL AGGR REPL
PERLND 403 PWATER PERO  1 1 AVER WDM1  1528 PERO   1 ENGL AGGR REPL
PERLND 403 PQUAL  POQUAL 5 1  AVER WDM1  1549 POQUAL 1 ENGL AGGR REPL
PERLND 403 PQUAL  SOQUAL 5 1  AVER WDM1  1550 SOQUAL 1 ENGL AGGR REPL
PERLND 404 NITR   SN  1 1 AVER WDM1  1124 SN     1 ENGL AGGR REPL
PERLND 404 NITR   SN  2 1 AVER WDM1  1125 SN     1 ENGL AGGR REPL
PERLND 404 NITR   SN  3 1 AVER WDM1  1126 SN     1 ENGL AGGR REPL
PERLND 404 NITR   SN  4 1 AVER WDM1  1127 SN     1 ENGL AGGR REPL
PERLND 404 NITR   UN  1 1 AVER WDM1  1128 UN     1 ENGL AGGR REPL
PERLND 404 NITR   UN  2 1 AVER WDM1  1129 UN     1 ENGL AGGR REPL
PERLND 404 NITR   UN  3 1 AVER WDM1  1130 UN     1 ENGL AGGR REPL
PERLND 404 NITR   UN  4 1 AVER WDM1  1131 UN     1 ENGL AGGR REPL
PERLND 404 NITR   LN  1 1 AVER WDM1  1132 LN     1 ENGL AGGR REPL
PERLND 404 NITR   LN  2 1 AVER WDM1  1133 LN     1 ENGL AGGR REPL
PERLND 404 NITR   LN  3 1 AVER WDM1  1134 LN     1 ENGL AGGR REPL
PERLND 404 NITR   LN  4 1 AVER WDM1  1135 LN     1 ENGL AGGR REPL
PERLND 404 NITR   AN  1 1 AVER WDM1  1136 AN     1 ENGL AGGR REPL
PERLND 404 NITR   AN  2 1 AVER WDM1  1137 AN     1 ENGL AGGR REPL
PERLND 404 NITR   AN  3 1 AVER WDM1  1138 AN     1 ENGL AGGR REPL
PERLND 404 NITR   AN  4 1 AVER WDM1  1139 AN     1 ENGL AGGR REPL
PERLND 404 NITR   SOSEDN 1 1  AVER WDM1  1208 SOSEDN 1 ENGL AGGR REPL
PERLND 404 NITR   PONO3  1 1 AVER WDM1  1209 PONO3  1 ENGL AGGR REPL
PERLND 404 NITR   PONH4  1 1 AVER WDM1  1210 PONH4  1 ENGL AGGR REPL
PERLND 404 NITR   POORN  1 1 AVER WDM1  1211 POORN  1 ENGL AGGR REPL
PERLND 404 NITR   PONITR 1 1  AVER WDM1  1212 PONITR 1 ENGL AGGR REPL
PERLND 404 PHOS   SP  1 1 AVER WDM1  1323 SP     1 ENGL AGGR REPL
PERLND 404 PHOS   SP  2 1 AVER WDM1  1324 SP     1 ENGL AGGR REPL
PERLND 404 PHOS   SP  3 1 AVER WDM1  1325 SP     1 ENGL AGGR REPL


























































PERLND 404 PHOS   UP  1 1 AVER WDM1  1327 UP     1 ENGL AGGR REPL
PERLND 404 PHOS   UP  2 1 AVER WDM1  1328 UP     1 ENGL AGGR REPL
PERLND 404 PHOS   UP  3 1 AVER WDM1  1329 UP     1 ENGL AGGR REPL
PERLND 404 PHOS   UP  4 1 AVER WDM1  1330 UP     1 ENGL AGGR REPL
PERLND 404 PHOS   LP  1 1 AVER WDM1  1331 LP     1 ENGL AGGR REPL
PERLND 404 PHOS   LP  2 1 AVER WDM1  1332 LP     1 ENGL AGGR REPL
PERLND 404 PHOS   LP  3 1 AVER WDM1  1333 LP     1 ENGL AGGR REPL
PERLND 404 PHOS   LP  4 1 AVER WDM1  1334 LP     1 ENGL AGGR REPL
PERLND 404 PHOS   AP  1 1 AVER WDM1  1335 AP     1 ENGL AGGR REPL
PERLND 404 PHOS   AP  2 1 AVER WDM1  1336 AP     1 ENGL AGGR REPL
PERLND 404 PHOS   AP  3 1 AVER WDM1  1337 AP     1 ENGL AGGR REPL
PERLND 404 PHOS   AP  4 1 AVER WDM1  1338 AP     1 ENGL AGGR REPL
PERLND 404 PHOS   TP  1 1 AVER WDM1  1339 TP     1 ENGL AGGR REPL
PERLND 404 PHOS   TP  2 1 AVER WDM1  1340 TP     1 ENGL AGGR REPL
PERLND 404 PHOS   TP  3 1 AVER WDM1  1341 TP     1 ENGL AGGR REPL
PERLND 404 PHOS   TP  4 1 AVER WDM1  1342 TP     1 ENGL AGGR REPL
PERLND 404 PHOS   TOTPHO 1 1  AVER WDM1  1343 TOTPHO 1 ENGL AGGR REPL
PERLND 404 PHOS   SEDP  1 1 AVER WDM1  1344 SEDP   1 ENGL AGGR REPL
PERLND 404 PHOS   SEDP  2 1 AVER WDM1  1345 SEDP   1 ENGL AGGR REPL
PERLND 404 PHOS   SOSEDP 1 1  AVER WDM1  1346 SOSEDP 1 ENGL AGGR REPL
PERLND 404 PHOS   POPHOS 1 1  AVER WDM1  1347 POPHOS 1 ENGL AGGR REPL
PERLND 404 NITR   NDFCT  1 1 AVER WDM1  1423 NDFCT  1 ENGL AGGR REPL
PERLND 404 NITR   NDFCT  2 1 AVER WDM1  1424 NDFCT  1 ENGL AGGR REPL
PERLND 404 NITR   NDFCT  3 1 AVER WDM1  1425 NDFCT  1 ENGL AGGR REPL
PERLND 404 NITR   NDFCT  4 1 AVER WDM1  1426 NDFCT  1 ENGL AGGR REPL
PERLND 404 NITR   NDFCT  5 1 AVER WDM1  1427 NDFCT  1 ENGL AGGR REPL
PERLND 404 NITR   TSNO3  1 1 AVER WDM1  1428 TSNO3  1 ENGL AGGR REPL
PERLND 404 NITR   TSNO3  2 1 AVER WDM1  1429 TSNO3  1 ENGL AGGR REPL
PERLND 404 NITR   TSNO3  3 1 AVER WDM1  1430 TSNO3  1 ENGL AGGR REPL
PERLND 404 NITR   TSNO3  4 1 AVER WDM1  1431 TSNO3  1 ENGL AGGR REPL
PERLND 404 NITR   TSNO3  5 1 AVER WDM1  1432 TSNO3  1 ENGL AGGR REPL
PERLND 404 NITR   SSNO3  1 1 AVER WDM1  1433 SSNO3  1 ENGL AGGR REPL
PERLND 404 NITR   SSNO3  2 1 AVER WDM1  1434 SSNO3  1 ENGL AGGR REPL
PERLND 404 NITR   SSNO3  3 1 AVER WDM1  1435 SSNO3  1 ENGL AGGR REPL
PERLND 404 NITR   NIADWT 3 1  AVER WDM1  1436 NIADWT 1 ENGL AGGR REPL
PERLND 404 NITR   NIADWT 3 2  AVER WDM1  1437 NIADWT 1 ENGL AGGR REPL
PERLND 404 NITR  IN  1 1 AVER WDM1  1483 IN     1 ENGL AGGR REPL
PERLND 404 NITR  IN  2 1 AVER WDM1  1484 IN     1 ENGL AGGR REPL
PERLND 404 NITR  IN  3 1 AVER WDM1  1485 IN     1 ENGL AGGR REPL
PERLND 404 NITR  IN  4 1 AVER WDM1  1486 IN     1 ENGL AGGR REPL
PERLND 404 PWATER SURO  1 1 AVER WDM1  1500 SURO   1 ENGL AGGR REPL
PERLND 404 PWATER IFWO  1 1 AVER WDM1  1501 IFWO   1 ENGL AGGR REPL
PERLND 404 PWATER AGWO  1 1 AVER WDM1  1502 AGWO   1 ENGL AGGR REPL
PERLND 404 PWATER PERO  1 1 AVER WDM1  1503 PERO   1 ENGL AGGR REPL
PERLND 404 PHOS   TSP4S  1 1 AVER WDM1  1539 TSP4S  1 ENGL AGGR REPL
PERLND 404 PHOS   TSP4S  5 1 AVER WDM1  1540 TSP4S  1 ENGL AGGR REPL
PERLND 405 NITR   SN  1 1 AVER WDM1  1140 SN     1 ENGL AGGR REPL
PERLND 405 NITR   SN  2 1 AVER WDM1  1141 SN     1 ENGL AGGR REPL
PERLND 405 NITR   SN  3 1 AVER WDM1  1142 SN     1 ENGL AGGR REPL
PERLND 405 NITR   SN  4 1 AVER WDM1  1143 SN     1 ENGL AGGR REPL
PERLND 405 NITR   UN  1 1 AVER WDM1  1144 UN     1 ENGL AGGR REPL
PERLND 405 NITR   UN  2 1 AVER WDM1  1145 UN     1 ENGL AGGR REPL
PERLND 405 NITR   UN  3 1 AVER WDM1  1146 UN     1 ENGL AGGR REPL


























































PERLND 405 NITR   LN  1 1 AVER WDM1  1148 LN     1 ENGL AGGR REPL
PERLND 405 NITR   LN  2 1 AVER WDM1  1149 LN     1 ENGL AGGR REPL
PERLND 405 NITR   LN  3 1 AVER WDM1  1150 LN     1 ENGL AGGR REPL
PERLND 405 NITR   LN  4 1 AVER WDM1  1151 LN     1 ENGL AGGR REPL
PERLND 405 NITR   AN  1 1 AVER WDM1  1152 AN     1 ENGL AGGR REPL
PERLND 405 NITR   AN  2 1 AVER WDM1  1153 AN     1 ENGL AGGR REPL
PERLND 405 NITR   AN  3 1 AVER WDM1  1154 AN     1 ENGL AGGR REPL
PERLND 405 NITR   AN  4 1 AVER WDM1  1155 AN     1 ENGL AGGR REPL
PERLND 405 NITR   SOSEDN 1 1  AVER WDM1  1213 SOSEDN 1 ENGL AGGR REPL
PERLND 405 NITR   PONO3  1 1 AVER WDM1  1214 PONO3  1 ENGL AGGR REPL
PERLND 405 NITR   PONH4  1 1 AVER WDM1  1215 PONH4  1 ENGL AGGR REPL
PERLND 405 NITR   POORN  1 1 AVER WDM1  1216 POORN  1 ENGL AGGR REPL
PERLND 405 NITR   PONITR 1 1  AVER WDM1  1217 PONITR 1 ENGL AGGR REPL
PERLND 405 PHOS   SP  1 1 AVER WDM1  1348 SP     1 ENGL AGGR REPL
PERLND 405 PHOS   SP  2 1 AVER WDM1  1349 SP     1 ENGL AGGR REPL
PERLND 405 PHOS   SP  3 1 AVER WDM1  1350 SP     1 ENGL AGGR REPL
PERLND 405 PHOS   SP  4 1 AVER WDM1  1351 SP     1 ENGL AGGR REPL
PERLND 405 PHOS   UP  1 1 AVER WDM1  1352 UP     1 ENGL AGGR REPL
PERLND 405 PHOS   UP  2 1 AVER WDM1  1353 UP     1 ENGL AGGR REPL
PERLND 405 PHOS   UP  3 1 AVER WDM1  1354 UP     1 ENGL AGGR REPL
PERLND 405 PHOS   UP  4 1 AVER WDM1  1355 UP     1 ENGL AGGR REPL
PERLND 405 PHOS   LP  1 1 AVER WDM1  1356 LP     1 ENGL AGGR REPL
PERLND 405 PHOS   LP  2 1 AVER WDM1  1357 LP     1 ENGL AGGR REPL
PERLND 405 PHOS   LP  3 1 AVER WDM1  1358 LP     1 ENGL AGGR REPL
PERLND 405 PHOS   LP  4 1 AVER WDM1  1359 LP     1 ENGL AGGR REPL
PERLND 405 PHOS   AP  1 1 AVER WDM1  1360 AP     1 ENGL AGGR REPL
PERLND 405 PHOS   AP  2 1 AVER WDM1  1361 AP     1 ENGL AGGR REPL
PERLND 405 PHOS   AP  3 1 AVER WDM1  1362 AP     1 ENGL AGGR REPL
PERLND 405 PHOS   AP  4 1 AVER WDM1  1363 AP     1 ENGL AGGR REPL
PERLND 405 PHOS   TP  1 1 AVER WDM1  1364 TP     1 ENGL AGGR REPL
PERLND 405 PHOS   TP  2 1 AVER WDM1  1365 TP     1 ENGL AGGR REPL
PERLND 405 PHOS   TP  3 1 AVER WDM1  1366 TP     1 ENGL AGGR REPL
PERLND 405 PHOS   TP  4 1 AVER WDM1  1367 TP     1 ENGL AGGR REPL
PERLND 405 PHOS   TOTPHO 1 1  AVER WDM1  1368 TOTPHO 1 ENGL AGGR REPL
PERLND 405 PHOS   SEDP  1 1 AVER WDM1  1369 SEDP   1 ENGL AGGR REPL
PERLND 405 PHOS   SEDP  2 1 AVER WDM1  1370 SEDP   1 ENGL AGGR REPL
PERLND 405 PHOS   SOSEDP 1 1  AVER WDM1  1371 SOSEDP 1 ENGL AGGR REPL
PERLND 405 PHOS   POPHOS 1 1  AVER WDM1  1372 POPHOS 1 ENGL AGGR REPL
PERLND 405 NITR   NDFCT  1 1 AVER WDM1  1438 NDFCT  1 ENGL AGGR REPL
PERLND 405 NITR   NDFCT  2 1 AVER WDM1  1439 NDFCT  1 ENGL AGGR REPL
PERLND 405 NITR   NDFCT  3 1 AVER WDM1  1440 NDFCT  1 ENGL AGGR REPL
PERLND 405 NITR   NDFCT  4 1 AVER WDM1  1441 NDFCT  1 ENGL AGGR REPL
PERLND 405 NITR   NDFCT  5 1 AVER WDM1  1442 NDFCT  1 ENGL AGGR REPL
PERLND 405 NITR   TSNO3  1 1 AVER WDM1  1443 TSNO3  1 ENGL AGGR REPL
PERLND 405 NITR   TSNO3  2 1 AVER WDM1  1444 TSNO3  1 ENGL AGGR REPL
PERLND 405 NITR   TSNO3  3 1 AVER WDM1  1445 TSNO3  1 ENGL AGGR REPL
PERLND 405 NITR   TSNO3  4 1 AVER WDM1  1446 TSNO3  1 ENGL AGGR REPL
PERLND 405 NITR   TSNO3  5 1 AVER WDM1  1447 TSNO3  1 ENGL AGGR REPL
PERLND 405 NITR   SSNO3  1 1 AVER WDM1  1448 SSNO3  1 ENGL AGGR REPL
PERLND 405 NITR   SSNO3  2 1 AVER WDM1  1449 SSNO3  1 ENGL AGGR REPL
PERLND 405 NITR   SSNO3  3 1 AVER WDM1  1450 SSNO3  1 ENGL AGGR REPL
PERLND 405 NITR   NIADWT 3 1  AVER WDM1  1451 NIADWT 1 ENGL AGGR REPL
PERLND 405 NITR   NIADWT 3 2  AVER WDM1  1452 NIADWT 1 ENGL AGGR REPL


























































PERLND 405 NITR  IN  2 1 AVER WDM1  1488 IN     1 ENGL AGGR REPL
PERLND 405 NITR  IN  3 1 AVER WDM1  1489 IN     1 ENGL AGGR REPL
PERLND 405 NITR  IN  4 1 AVER WDM1  1490 IN     1 ENGL AGGR REPL
PERLND 405 PWATER SURO  1 1 AVER WDM1  1504 SURO   1 ENGL AGGR REPL
PERLND 405 PWATER IFWO  1 1 AVER WDM1  1505 IFWO   1 ENGL AGGR REPL
PERLND 405 PWATER AGWO  1 1 AVER WDM1  1506 AGWO   1 ENGL AGGR REPL
PERLND 405 PWATER PERO  1 1 AVER WDM1  1507 PERO   1 ENGL AGGR REPL
PERLND 405 PHOS   TSP4S  1 1 AVER WDM1  1541 TSP4S  1 ENGL AGGR REPL
PERLND 405 PHOS   TSP4S  5 1 AVER WDM1  1542 TSP4S  1 ENGL AGGR REPL
PERLND 406 NITR   SN  1 1 AVER WDM1  1156 SN     1 ENGL AGGR REPL
PERLND 406 NITR   SN  2 1 AVER WDM1  1157 SN     1 ENGL AGGR REPL
PERLND 406 NITR   SN  3 1 AVER WDM1  1158 SN     1 ENGL AGGR REPL
PERLND 406 NITR   SN  4 1 AVER WDM1  1159 SN     1 ENGL AGGR REPL
PERLND 406 NITR   UN  1 1 AVER WDM1  1160 UN     1 ENGL AGGR REPL
PERLND 406 NITR   UN  2 1 AVER WDM1  1161 UN     1 ENGL AGGR REPL
PERLND 406 NITR   UN  3 1 AVER WDM1  1162 UN     1 ENGL AGGR REPL
PERLND 406 NITR   UN  4 1 AVER WDM1  1163 UN     1 ENGL AGGR REPL
PERLND 406 NITR   LN  1 1 AVER WDM1  1164 LN     1 ENGL AGGR REPL
PERLND 406 NITR   LN  2 1 AVER WDM1  1165 LN     1 ENGL AGGR REPL
PERLND 406 NITR   LN  3 1 AVER WDM1  1166 LN     1 ENGL AGGR REPL
PERLND 406 NITR   LN  4 1 AVER WDM1  1167 LN     1 ENGL AGGR REPL
PERLND 406 NITR   AN  1 1 AVER WDM1  1168 AN     1 ENGL AGGR REPL
PERLND 406 NITR   AN  2 1 AVER WDM1  1169 AN     1 ENGL AGGR REPL
PERLND 406 NITR   AN  3 1 AVER WDM1  1170 AN     1 ENGL AGGR REPL
PERLND 406 NITR   AN  4 1 AVER WDM1  1171 AN     1 ENGL AGGR REPL
PERLND 406 NITR   SOSEDN 1 1  AVER WDM1  1218 SOSEDN 1 ENGL AGGR REPL
PERLND 406 NITR   PONO3  1 1 AVER WDM1  1219 PONO3  1 ENGL AGGR REPL
PERLND 406 NITR   PONH4  1 1 AVER WDM1  1220 PONH4  1 ENGL AGGR REPL
PERLND 406 NITR   POORN  1 1 AVER WDM1  1221 POORN  1 ENGL AGGR REPL
PERLND 406 NITR   PONITR 1 1  AVER WDM1  1222 PONITR 1 ENGL AGGR REPL
PERLND 406 PHOS   SP  1 1 AVER WDM1  1373 SP     1 ENGL AGGR REPL
PERLND 406 PHOS   SP  2 1 AVER WDM1  1374 SP     1 ENGL AGGR REPL
PERLND 406 PHOS   SP  3 1 AVER WDM1  1375 SP     1 ENGL AGGR REPL
PERLND 406 PHOS   SP  4 1 AVER WDM1  1376 SP     1 ENGL AGGR REPL
PERLND 406 PHOS   UP  1 1 AVER WDM1  1377 UP     1 ENGL AGGR REPL
PERLND 406 PHOS   UP  2 1 AVER WDM1  1378 UP     1 ENGL AGGR REPL
PERLND 406 PHOS   UP  3 1 AVER WDM1  1379 UP     1 ENGL AGGR REPL
PERLND 406 PHOS   UP  4 1 AVER WDM1  1380 UP     1 ENGL AGGR REPL
PERLND 406 PHOS   LP  1 1 AVER WDM1  1381 LP     1 ENGL AGGR REPL
PERLND 406 PHOS   LP  2 1 AVER WDM1  1382 LP     1 ENGL AGGR REPL
PERLND 406 PHOS   LP  3 1 AVER WDM1  1383 LP     1 ENGL AGGR REPL
PERLND 406 PHOS   LP  4 1 AVER WDM1  1384 LP     1 ENGL AGGR REPL
PERLND 406 PHOS   AP  1 1 AVER WDM1  1385 AP     1 ENGL AGGR REPL
PERLND 406 PHOS   AP  2 1 AVER WDM1  1386 AP     1 ENGL AGGR REPL
PERLND 406 PHOS   AP  3 1 AVER WDM1  1387 AP     1 ENGL AGGR REPL
PERLND 406 PHOS   AP  4 1 AVER WDM1  1388 AP     1 ENGL AGGR REPL
PERLND 406 PHOS   TP  1 1 AVER WDM1  1389 TP     1 ENGL AGGR REPL
PERLND 406 PHOS   TP  2 1 AVER WDM1  1390 TP     1 ENGL AGGR REPL
PERLND 406 PHOS   TP  3 1 AVER WDM1  1391 TP     1 ENGL AGGR REPL
PERLND 406 PHOS   TP  4 1 AVER WDM1  1392 TP     1 ENGL AGGR REPL
PERLND 406 PHOS   TOTPHO 1 1  AVER WDM1  1393 TOTPHO 1 ENGL AGGR REPL
PERLND 406 PHOS   SEDP  1 1 AVER WDM1  1394 SEDP   1 ENGL AGGR REPL
PERLND 406 PHOS   SEDP  2 1 AVER WDM1  1395 SEDP   1 ENGL AGGR REPL


























































PERLND 406 PHOS   POPHOS 1 1  AVER WDM1  1397 POPHOS 1 ENGL AGGR REPL
PERLND 406 NITR   NDFCT  1 1 AVER WDM1  1453 NDFCT  1 ENGL AGGR REPL
PERLND 406 NITR   NDFCT  2 1 AVER WDM1  1454 NDFCT  1 ENGL AGGR REPL
PERLND 406 NITR   NDFCT  3 1 AVER WDM1  1455 NDFCT  1 ENGL AGGR REPL
PERLND 406 NITR   NDFCT  4 1 AVER WDM1  1456 NDFCT  1 ENGL AGGR REPL
PERLND 406 NITR   NDFCT  5 1 AVER WDM1  1457 NDFCT  1 ENGL AGGR REPL
PERLND 406 NITR   TSNO3  1 1 AVER WDM1  1458 TSNO3  1 ENGL AGGR REPL
PERLND 406 NITR   TSNO3  2 1 AVER WDM1  1459 TSNO3  1 ENGL AGGR REPL
PERLND 406 NITR   TSNO3  3 1 AVER WDM1  1460 TSNO3  1 ENGL AGGR REPL
PERLND 406 NITR   TSNO3  4 1 AVER WDM1  1461 TSNO3  1 ENGL AGGR REPL
PERLND 406 NITR   TSNO3  5 1 AVER WDM1  1462 TSNO3  1 ENGL AGGR REPL
PERLND 406 NITR   SSNO3  1 1 AVER WDM1  1463 SSNO3  1 ENGL AGGR REPL
PERLND 406 NITR   SSNO3  2 1 AVER WDM1  1464 SSNO3  1 ENGL AGGR REPL
PERLND 406 NITR   SSNO3  3 1 AVER WDM1  1465 SSNO3  1 ENGL AGGR REPL
PERLND 406 NITR   NIADWT 3 1  AVER WDM1  1466 NIADWT 1 ENGL AGGR REPL
PERLND 406 NITR   NIADWT 3 2  AVER WDM1  1467 NIADWT 1 ENGL AGGR REPL
PERLND 406 NITR  IN  1 1 AVER WDM1  1491 IN     1 ENGL AGGR REPL
PERLND 406 NITR  IN  2 1 AVER WDM1  1492 IN     1 ENGL AGGR REPL
PERLND 406 NITR  IN  3 1 AVER WDM1  1493 IN     1 ENGL AGGR REPL
PERLND 406 NITR  IN  4 1 AVER WDM1  1494 IN     1 ENGL AGGR REPL
PERLND 406 PWATER SURO  1 1 AVER WDM1  1508 SURO   1 ENGL AGGR REPL
PERLND 406 PWATER IFWO  1 1 AVER WDM1  1509 IFWO   1 ENGL AGGR REPL
PERLND 406 PWATER AGWO  1 1 AVER WDM1  1510 AGWO   1 ENGL AGGR REPL
PERLND 406 PWATER PERO  1 1 AVER WDM1  1511 PERO   1 ENGL AGGR REPL
PERLND 406 PHOS   TSP4S  1 1 AVER WDM1  1543 TSP4S  1 ENGL AGGR REPL
PERLND 406 PHOS   TSP4S  5 1 AVER WDM1  1544 TSP4S  1 ENGL AGGR REPL
PERLND 407 PWATER SURO  1 1 AVER WDM1  1529 SURO   1 ENGL AGGR REPL
PERLND 407 PWATER IFWO  1 1 AVER WDM1  1530 IFWO   1 ENGL AGGR REPL
PERLND 407 PWATER AGWO  1 1 AVER WDM1  1531 AGWO   1 ENGL AGGR REPL
PERLND 407 PWATER PERO  1 1 AVER WDM1  1532 PERO   1 ENGL AGGR REPL
PERLND 407 PQUAL  POQUAL 5 1  AVER WDM1  1551 POQUAL 1 ENGL AGGR REPL
PERLND 407 PQUAL  SOQUAL 5 1  AVER WDM1  1552 SOQUAL 1 ENGL AGGR REPL
PERLND 408 PWATER SURO  1 1 AVER WDM1  1533 SURO   1 ENGL AGGR REPL
PERLND 408 PQUAL  POQUAL 5 1  AVER WDM1  1553 POQUAL 1 ENGL AGGR REPL
PERLND 408 PQUAL  SOQUAL 5 1  AVER WDM1  1554 SOQUAL 1 ENGL AGGR REPL
PERLND 412 PWATER SURO  1 1 AVER WDM1  1534 SURO   1 ENGL AGGR REPL
PERLND 412 PWATER IFWO  1 1 AVER WDM1  1536 IFWO   1 ENGL AGGR REPL
PERLND 412 PWATER AGWO  1 1 AVER WDM1  1537 AGWO   1 ENGL AGGR REPL
PERLND 412 PWATER PERO  1 1 AVER WDM1  1538 PERO   1 ENGL AGGR REPL
PERLND 412 PQUAL  POQUAL 5 1  AVER WDM1  1555 POQUAL 1 ENGL AGGR REPL
PERLND 412 PQUAL  SOQUAL 5 1  AVER WDM1  1556 SOQUAL 1 ENGL AGGR REPL
PERLND 413 NITR   SN  1 1 AVER WDM1  1172 SN     1 ENGL AGGR REPL
PERLND 413 NITR   SN  2 1 AVER WDM1  1173 SN     1 ENGL AGGR REPL
PERLND 413 NITR   SN  3 1 AVER WDM1  1174 SN     1 ENGL AGGR REPL
PERLND 413 NITR   SN  4 1 AVER WDM1  1175 SN     1 ENGL AGGR REPL
PERLND 413 NITR   UN  1 1 AVER WDM1  1176 UN     1 ENGL AGGR REPL
PERLND 413 NITR   UN  2 1 AVER WDM1  1177 UN     1 ENGL AGGR REPL
PERLND 413 NITR   UN  3 1 AVER WDM1  1178 UN     1 ENGL AGGR REPL
PERLND 413 NITR   UN  4 1 AVER WDM1  1179 UN     1 ENGL AGGR REPL
PERLND 413 NITR   LN  1 1 AVER WDM1  1180 LN     1 ENGL AGGR REPL
PERLND 413 NITR   LN  2 1 AVER WDM1  1181 LN     1 ENGL AGGR REPL
PERLND 413 NITR   LN  3 1 AVER WDM1  1182 LN     1 ENGL AGGR REPL
PERLND 413 NITR   LN  4 1 AVER WDM1  1183 LN     1 ENGL AGGR REPL


























































PERLND 413 NITR   AN  2 1 AVER WDM1  1185 AN     1 ENGL AGGR REPL
PERLND 413 NITR   AN  3 1 AVER WDM1  1186 AN     1 ENGL AGGR REPL
PERLND 413 NITR   AN  4 1 AVER WDM1  1187 AN     1 ENGL AGGR REPL
PERLND 413 NITR   SOSEDN 1 1  AVER WDM1  1223 SOSEDN 1 ENGL AGGR REPL
PERLND 413 NITR   PONO3  1 1 AVER WDM1  1224 PONO3  1 ENGL AGGR REPL
PERLND 413 NITR   PONH4  1 1 AVER WDM1  1225 PONH4  1 ENGL AGGR REPL
PERLND 413 NITR   POORN  1 1 AVER WDM1  1226 POORN  1 ENGL AGGR REPL
PERLND 413 NITR   PONITR 1 1  AVER WDM1  1227 PONITR 1 ENGL AGGR REPL
PERLND 413 PHOS   SP  1 1 AVER WDM1  1398 SP     1 ENGL AGGR REPL
PERLND 413 PHOS   SP  2 1 AVER WDM1  1399 SP     1 ENGL AGGR REPL
PERLND 413 PHOS   SP  3 1 AVER WDM1  1400 SP     1 ENGL AGGR REPL
PERLND 413 PHOS   SP  4 1 AVER WDM1  1401 SP     1 ENGL AGGR REPL
PERLND 413 PHOS   UP  1 1 AVER WDM1  1402 UP     1 ENGL AGGR REPL
PERLND 413 PHOS   UP  2 1 AVER WDM1  1403 UP     1 ENGL AGGR REPL
PERLND 413 PHOS   UP  3 1 AVER WDM1  1404 UP     1 ENGL AGGR REPL
PERLND 413 PHOS   UP  4 1 AVER WDM1  1405 UP     1 ENGL AGGR REPL
PERLND 413 PHOS   LP  1 1 AVER WDM1  1406 LP     1 ENGL AGGR REPL
PERLND 413 PHOS   LP  2 1 AVER WDM1  1407 LP     1 ENGL AGGR REPL
PERLND 413 PHOS   LP  3 1 AVER WDM1  1408 LP     1 ENGL AGGR REPL
PERLND 413 PHOS   LP  4 1 AVER WDM1  1409 LP     1 ENGL AGGR REPL
PERLND 413 PHOS   AP  1 1 AVER WDM1  1410 AP     1 ENGL AGGR REPL
PERLND 413 PHOS   AP  2 1 AVER WDM1  1411 AP     1 ENGL AGGR REPL
PERLND 413 PHOS   AP  3 1 AVER WDM1  1412 AP     1 ENGL AGGR REPL
PERLND 413 PHOS   AP  4 1 AVER WDM1  1413 AP     1 ENGL AGGR REPL
PERLND 413 PHOS   TP  1 1 AVER WDM1  1414 TP     1 ENGL AGGR REPL
PERLND 413 PHOS   TP  2 1 AVER WDM1  1415 TP     1 ENGL AGGR REPL
PERLND 413 PHOS   TP  3 1 AVER WDM1  1416 TP     1 ENGL AGGR REPL
PERLND 413 PHOS   TP  4 1 AVER WDM1  1417 TP     1 ENGL AGGR REPL
PERLND 413 PHOS   TOTPHO 1 1  AVER WDM1  1418 TOTPHO 1 ENGL AGGR REPL
PERLND 413 PHOS   SEDP  1 1 AVER WDM1  1419 SEDP   1 ENGL AGGR REPL
PERLND 413 PHOS   SOSEDP 1 1  AVER WDM1  1420 SOSEDP 1 ENGL AGGR REPL
PERLND 413 PHOS   SEDP  2 1 AVER WDM1  1421 SEDP   1 ENGL AGGR REPL
PERLND 413 PHOS   POPHOS 1 1  AVER WDM1  1422 POPHOS 1 ENGL AGGR REPL
PERLND 413 NITR   NDFCT  1 1 AVER WDM1  1468 NDFCT  1 ENGL AGGR REPL
PERLND 413 NITR   NDFCT  2 1 AVER WDM1  1469 NDFCT  1 ENGL AGGR REPL
PERLND 413 NITR   NDFCT  3 1 AVER WDM1  1470 NDFCT  1 ENGL AGGR REPL
PERLND 413 NITR   NDFCT  4 1 AVER WDM1  1471 NDFCT  1 ENGL AGGR REPL
PERLND 413 NITR   NDFCT  5 1 AVER WDM1  1472 NDFCT  1 ENGL AGGR REPL
PERLND 413 NITR   TSNO3  1 1 AVER WDM1  1473 TSNO3  1 ENGL AGGR REPL
PERLND 413 NITR   TSNO3  2 1 AVER WDM1  1474 TSNO3  1 ENGL AGGR REPL
PERLND 413 NITR   TSNO3  3 1 AVER WDM1  1475 TSNO3  1 ENGL AGGR REPL
PERLND 413 NITR   TSNO3  4 1 AVER WDM1  1476 TSNO3  1 ENGL AGGR REPL
PERLND 413 NITR   TSNO3  5 1 AVER WDM1  1477 TSNO3  1 ENGL AGGR REPL
PERLND 413 NITR   SSNO3  1 1 AVER WDM1  1478 SSNO3  1 ENGL AGGR REPL
PERLND 413 NITR   SSNO3  2 1 AVER WDM1  1479 SSNO3  1 ENGL AGGR REPL
PERLND 413 NITR   SSNO3  3 1 AVER WDM1  1480 SSNO3  1 ENGL AGGR REPL
PERLND 413 NITR   NIADWT 3 1  AVER WDM1  1481 NIADWT 1 ENGL AGGR REPL
PERLND 413 NITR   NIADWT 3 2  AVER WDM1  1482 NIADWT 1 ENGL AGGR REPL
PERLND 413 NITR  IN  1 1 AVER WDM1  1495 IN     1 ENGL AGGR REPL
PERLND 413 NITR  IN  2 1 AVER WDM1  1496 IN     1 ENGL AGGR REPL
PERLND 413 NITR  IN  3 1 AVER WDM1  1497 IN     1 ENGL AGGR REPL
PERLND 413 NITR  IN  4 1 AVER WDM1  1498 IN     1 ENGL AGGR REPL
PERLND 413 PWATER SURO  1 1 AVER WDM1  1512 SURO   1 ENGL AGGR REPL






















































PERLND 413 PWATER AGWO  1 1 AVER WDM1  1514 AGWO   1 ENGL AGGR REPL
PERLND 413 PWATER PERO  1 1 AVER WDM1  1515 PERO   1 ENGL AGGR REPL
PERLND 413 PWATER IGWI  1 1 AVER WDM1  1516 IGWI  1 ENGL AGGR REPL
PERLND 413 PHOS   TSP4S  1 1 AVER WDM1  1545 TSP4S  1 ENGL AGGR REPL
PERLND 413 PHOS   TSP4S  5 1 AVER WDM1  1546 TSP4S  1 ENGL AGGR REPL
RCHRES   1 NUTRX  DNUST  4 1 AVER WDM1  1001 DNUST  1 ENGL AGGR REPL
RCHRES   1 HTRCH  TW  1 1 AVER WDM1  1004 TW     1 ENGL AGGR REPL
RCHRES   1 HTRCH  AIRTMP 1 1  AVER WDM1  1005 AIRTMP 1 ENGL AGGR REPL
RCHRES   1 NUTRX  DNUST  1 1 AVER WDM1  1010 DNUST  1 ENGL AGGR REPL
RCHRES   1 NUTRX  DNUST  2 1 AVER WDM1  1011 DNUST  1 ENGL AGGR REPL
RCHRES   1 NUTRX  DNUST  3 1 AVER WDM1  1012 DNUST  1 ENGL AGGR REPL
RCHRES  1 HYDR  DEP  1 1 AVER WDM1  1025 DEP    1 ENGL AGGR REPL
RCHRES  1 HYDR   RO  1 1 AVER WDM1  1026 RO     1 ENGL AGGR REPL
RCHRES   1 NUTRX  SPO4  1 1 AVER WDM1  1027 SPO4   1 ENGL AGGR REPL
RCHRES   1 NUTRX  SPO4  2 1 AVER WDM1  1028 SPO4   1 ENGL AGGR REPL
RCHRES   1 NUTRX  SPO4  3 1 AVER WDM1  1029 SPO4   1 ENGL AGGR REPL
RCHRES   1 OXRX   SATDO  1 1 AVER WDM1  1030 SATDO  1 ENGL AGGR REPL
RCHRES   1 OXRX  DOX 1 1 AVER WDM1  1031 DOX 1 ENGL AGGR REPL
RCHRES   1 OXRX   BOD  1 1 AVER WDM1  1032 BOD    1 ENGL AGGR REPL
RCHRES   2 NUTRX  DNUST  4 1 AVER WDM1  1002 DNUST  1 ENGL AGGR REPL
RCHRES   2 HTRCH  TW  1 1 AVER WDM1  1006 TW     1 ENGL AGGR REPL
RCHRES   2 HTRCH  AIRTMP 1 1  AVER WDM1  1007 AIRTMP 1 ENGL AGGR REPL
RCHRES   2 NUTRX  DNUST  1 1 AVER WDM1  1013 DNUST  1 ENGL AGGR REPL
RCHRES   2 NUTRX  DNUST  2 1 AVER WDM1  1014 DNUST  1 ENGL AGGR REPL
RCHRES   2 NUTRX  DNUST  3 1 AVER WDM1  1015 DNUST  1 ENGL AGGR REPL
RCHRES   4 NUTRX  DNUST  4 1 AVER WDM1  1003 DNUST  1 ENGL AGGR REPL
RCHRES   4 HTRCH  TW  1 1 AVER WDM1  1008 TW     1 ENGL AGGR REPL
RCHRES   4 HTRCH  AIRTMP 1 1  AVER WDM1  1009 AIRTMP 1 ENGL AGGR REPL
RCHRES   4 NUTRX  DNUST  1 1 AVER WDM1  1016 DNUST  1 ENGL AGGR REPL
RCHRES   4 NUTRX  DNUST  2 1 AVER WDM1  1017 DNUST  1 ENGL AGGR REPL
RCHRES   4 NUTRX  DNUST  3 1 AVER WDM1  1018 DNUST  1 ENGL AGGR REPL
RCHRES   4 OXRX  DOX 1 1 AVER WDM1  1019 DOX 1 ENGL AGGR REPL
RCHRES   4 OXRX   BOD  1 1 AVER WDM1  1020 BOD    1 ENGL AGGR REPL
RCHRES   4 OXRX   SATDO  1 1 AVER WDM1  1021 SATDO  1 ENGL AGGR REPL
RCHRES   4 NUTRX  SPO4  1 1 AVER WDM1  1022 SPO4   1 ENGL AGGR REPL
RCHRES   4 NUTRX  SPO4  2 1 AVER WDM1  1023 SPO4   1 ENGL AGGR REPL
RCHRES   4 NUTRX  SPO4  3 1 AVER WDM1  1024 SPO4   1 ENGL AGGR REPL
RCHRES  4 HYDR   RO  1 1 AVER WDM1  1033 RO     1 ENGL AGGR REPL
RCHRES  4 HYDR  DEP  1 1 AVER WDM1  1034 DEP    1 ENGL AGGR REPL
RCHRES   4 SEDTRN SSED  1 1 AVER WDM1  1035 SSED   1 ENGL AGGR REPL
RCHRES   4 SEDTRN SSED  2 1 AVER WDM1  1036 SSED   1 ENGL AGGR REPL
RCHRES   4 SEDTRN SSED  3 1 AVER WDM1  1037 SSED   1 ENGL AGGR REPL
RCHRES   4 SEDTRN SSED  4 1 AVER WDM1  1038 SSED   1 ENGL AGGR REPL
RCHRES   4 NUTRX  SNH4  1 1 AVER WDM1  1039 SNH4   1 ENGL AGGR REPL
RCHRES   4 NUTRX  SNH4  2 1 AVER WDM1  1040 SNH4   1 ENGL AGGR REPL
RCHRES   4 NUTRX  SNH4  3 1 AVER WDM1  1041 SNH4   1 ENGL AGGR REPL
RCHRES   4 PLANK  PHYCLA 1 1  AVER WDM1  1042 PHYCLA 1 ENGL AGGR REPL
END EXT TARGETS
MASS-LINK 
  MASS-LINK  3 
<-Volume-> <-Grp> <-Member-><--Mult-->     <-Target vols> <-Grp> <-Member->  *** 






























RCHRES  ROFLOW  RCHRES  INFLOW          
  END MASS-LINK  3
  MASS-LINK  4 
<-Volume-> <-Grp> <-Member-><--Mult-->     <-Target vols> <-Grp> <-Member->  *** 
<Name>            <Name> x x<-factor->     <Name>                <Name> x x  *** 
PERLND     PWATER PERO  0.0833333 RCHRES         INFLOW IVOL
PERLND  PWTGAS PODOXM  RCHRES INFLOW OXIF  1
PERLND  PWTGAS POCO2M  RCHRES  INFLOW OXIF  2 
PERLND  PWTGAS POHT                     RCHRES  INFLOW IHEAT  1 
PERLND  PQUAL  POQUAL 1  RCHRES INFLOW IDQAL  1
PERLND  PQUAL  POQUAL 2  RCHRES INFLOW OXIF  2
PERLND  PQUAL  POQUAL 3  0.00049 RCHRES         INFLOW ISED  1 
PERLND  PQUAL  POQUAL 3  0.000005 RCHRES         INFLOW ISED  2 
PERLND  PQUAL  POQUAL 3  0.000005 RCHRES         INFLOW ISED  3 
PERLND  PQUAL  POQUAL 4  RCHRES INFLOW NUIF1  1
PERLND  PQUAL  POQUAL 5  RCHRES INFLOW NUIF1  4
PERLND  PQUAL  POQUAL 6  RCHRES INFLOW PKIF  3
PERLND  PQUAL  POQUAL 7  RCHRES INFLOW PKIF  4
  END MASS-LINK  4
  MASS-LINK  1 
<-Volume-> <-Grp> <-Member-><--Mult-->     <-Target vols> <-Grp> <-Member->  *** 
<Name>            <Name> x x<-factor->     <Name>                <Name> x x  *** 
IMPLND     IWATER SURO  0.0833333 RCHRES         INFLOW IVOL
IMPLND  IWTGAS SODOXM  RCHRES INFLOW OXIF  1
IMPLND  IWTGAS SOCO2M  RCHRES  INFLOW OXIF  2 
IMPLND  IWTGAS SOHT                     RCHRES  INFLOW IHEAT  1 
IMPLND  IQUAL  SOQUAL 1  RCHRES INFLOW IDQAL  1
IMPLND  SOLIDS SOSLD  1 RCHRES  INFLOW ISED  1 
IMPLND  SOLIDS SOSLD  1 RCHRES  INFLOW ISED  2 
IMPLND  SOLIDS SOSLD  1 RCHRES  INFLOW ISED  3 
IMPLND  IQUAL  SOQUAL 2  RCHRES INFLOW OXIF  2
IMPLND  IQUAL  SOQUAL 3  0.00049 RCHRES         INFLOW ISED  1 
IMPLND  IQUAL  SOQUAL 3  0.000005 RCHRES         INFLOW ISED  2 
IMPLND  IQUAL  SOQUAL 3  0.000005 RCHRES         INFLOW ISED  3 
IMPLND  IQUAL  SOQUAL 4  RCHRES INFLOW NUIF1  1
IMPLND  IQUAL  SOQUAL 5  RCHRES INFLOW NUIF1  4
IMPLND  IQUAL  SOQUAL 6  RCHRES INFLOW PKIF  3
IMPLND  IQUAL  SOQUAL 7  RCHRES INFLOW PKIF  4
  END MASS-LINK  1
  MASS-LINK  2 
<-Volume-> <-Grp> <-Member-><--Mult-->     <-Target vols> <-Grp> <-Member->  *** 
<Name>            <Name> x x<-factor->     <Name>                <Name> x x  *** 
PERLND     PWATER PERO  0.0833333 RCHRES         INFLOW IVOL
PERLND  PWTGAS PODOXM  RCHRES INFLOW OXIF  1
PERLND  PWTGAS POCO2M  RCHRES  INFLOW OXIF  2 
PERLND  PWTGAS POHT                     RCHRES  INFLOW IHEAT  1 
PERLND  PQUAL  POQUAL 1  RCHRES INFLOW IDQAL  1
PERLND  SEDMNT SOSED  1 RCHRES  INFLOW ISED  1 
PERLND  SEDMNT SOSED  1 RCHRES  INFLOW ISED  2 
PERLND  SEDMNT SOSED  1 RCHRES  INFLOW ISED  3 







PERLND  NITR   PONH4  1 1  RCHRES INFLOW NUIF1  2
PERLND  NITR   POORN  1 1 RCHRES  INFLOW PKIF  3 
PERLND  PHOS  TSP4S  1 1 RCHRES  INFLOW NUIF1  4 
PERLND  PHOS  TSP4S  5 1 RCHRES  INFLOW NUIF1  4 
PERLND  PHOS  SEDP  2 1 RCHRES  INFLOW NUIF2  1 2 
  END MASS-LINK  2
END MASS-LINK 
END RUN 
